Mississippi State University

Scholars Junction
Theses and Dissertations

Theses and Dissertations

12-11-2009

Efforts toward understanding dietary components and the
reproductive behaviors and limitations of the giant panda
(Ailuropoda melanoleuca)
Erin Donivan Trueblood

Follow this and additional works at: https://scholarsjunction.msstate.edu/td

Recommended Citation
Trueblood, Erin Donivan, "Efforts toward understanding dietary components and the reproductive
behaviors and limitations of the giant panda (Ailuropoda melanoleuca)" (2009). Theses and Dissertations.
1842.
https://scholarsjunction.msstate.edu/td/1842

This Graduate Thesis - Open Access is brought to you for free and open access by the Theses and Dissertations at
Scholars Junction. It has been accepted for inclusion in Theses and Dissertations by an authorized administrator of
Scholars Junction. For more information, please contact scholcomm@msstate.libanswers.com.

EFFORTS TOWARD UNDERSTANDING DIETARY COMPONENTS AND THE
REPRODUCTIVE BEHAVIORS AND LIMITATIONS OF THE GIANT PANDA
(AILUROPODA MELANOLEUCA)

By
Erin Donivan Trueblood

A Thesis
Submitted to the Faculty of
Mississippi State University
in Partial Fulfillment of the Requirements
for the Degree of Master of Science
in Biological Sciences
in the Department of Biological Sciences

Mississippi State, Mississippi
December 2009

Copyright by
Erin Donivan Trueblood
2009

EFFORTS TOWARD UNDERSTANDING DIETARY COMPONENTS AND THE
REPRODUCTIVE BEHAVIORS AND LIMITATIONS OF THE GIANT PANDA
(AILUROPODA MELANOLEUCA)

By
Erin Donivan Trueblood

Approved:

________________________
Giselle Thibaudeau Munn
Associate Professor
Biological Sciences
(Co-director of Thesis)

________________________
Scott T. Willard
Professor and Head
Biochemistry and Molecular Biology
(Co-director of Thesis)

________________________
Brian S. Baldwin
Professor
Plant and Soil Sciences
(Committee Member)

________________________
Andrew Kouba
Adjunct Professor
Memphis Zoo
(Committee Member)

________________________
Gary Ervin
Associate Professor
Biological Sciences
(Graduate Coordinator of the
Department of Biological Sciences)

________________________
Gary Myers
Dean
College of Arts and Sciences

Name: Erin Donivan Trueblood
Date of Degree: December 11, 2009
Institution: Mississippi State University
Major Field: Biological Sciences
Major Professor: Dr. Giselle Thibaudeau Munn and Dr. Scott Willard
Title of Study: EFFORTS TOWARD UNDERSTANDING DIETARY COMPONENTS
AND THE REPRODUCTIVE BEHAVIORS AND LIMITATIONS OF
THE GIANT PANDA (AILUROPODA MELANOLEUCA)
Pages in Study: 121
Candidate for Degree of Master of Science

Preservation of giant pandas, Ailuropoda melanoleuca, is a worldwide concern.
This study was designed to examine dietary and reproductive challenges associated with
panda management. Phytoestrogens are natural plant compounds that mimic estrogen and
often negatively impact mammalian reproduction. Phytoestrogens in bamboo, the panda’s
primary food source, is unknown. Here, estrogen radioimmuno- and receptor-binding
assays revealed estrogenic activity in three species of Phyllostachys bamboo. These
results present indirect evidence of phytoestrogenic mimics in bamboo, but their
relevance is still unknown. Studies were also conducted to observe panda reproductive
behaviors in an attempt to augment the use of an artificial vagina (AV) for semen
collection. A preliminary study confirmed the panda could differentiate between estrus
urine and a water ‘control.’ However, when estrus urine was placed on the AV as an
attractant, the subject didn’t approach the AV. Further investigation of dietary challenges
and reproductive alternatives are needed to substantiate these findings.

DEDICATION

This research is dedicated to my loving and supportive family. I would like to
give special thanks to my husband, Danny Trueblood, for all his encouragement and
assistance throughout this process.

ii

ACKNOWLEDGEMENTS

I would first like to thank my husband Danny Trueblood. Without his unending
support, I never could have dreamed of achieving this. I would also like to thank my
parents Bill and Pat Donivan, my sister Colleen Willis and her family, and my
grandmother Rita Welsh. They are amazing people that provided incredible strength and
encouragement, and for that, I will be forever grateful. I would like to express my
genuine gratitude to my two major professors, Scott Willard and Giselle Thibaudeau
Munn. They provided guidance and as well as many amazing opportunities for me.
Sincere appreciation is given to Brian Baldwin and Andy Kouba for their expertise and
the vital role that they played in the development and execution of this project. I would
like to thank Brian Rude for his invaluable help with the analysis. Additionally, I would
like to thank Alicia Musselwhite for her assistance in the lab and Erin Schenck for her
help with the statistical analysis of this project. Finally, I would like to thank the graduate
students of the Department of Biological Sciences as well as the Department of Animal
and Dairy Sciences, especially our “Special Topics” group! I could not have survived
without their support and comic relief!

iii

TABLE OF CONTENTS

DEDICATION .................................................................................................................... ii
ACKNOWLEDGEMENTS ............................................................................................... iii
LIST OF TABLES ............................................................................................................ vii
LIST OF FIGURES .......................................................................................................... ix
CHAPTER
I. INTRODUCTION ...................................................................................................1
II. LITERATURE REVIEW ........................................................................................4
Bamboo .................................................................................................................4
Bamboo as it Relates to Giant Panda Nutrition and Digestion ....................7
Phytoestrogens ....................................................................................................11
Classification and Sources .........................................................................11
Role of Phytoestrogens ..............................................................................12
Other Phytosterols ......................................................................................12
Phytoestrogens and Fertility ......................................................................14
Phytoestrogens and Development ..............................................................15
Phytoestrogen Detection Methods .............................................................16
Estrogen ..............................................................................................................17
Role of Estrogen ........................................................................................18
The Estrous Cycle ......................................................................................19
Estrogen Receptors ....................................................................................21
The Giant Panda (Ailuropoda melanoleuca) ......................................................22
Giant Panda Reproduction .........................................................................23
Giant Panda Estrous Cycle.........................................................................23
Pregnancy and Pseudopregnancy...............................................................25
Reproductive Management and Chemical Signaling .................................26
Artificial Breeding Techniques for the Giant Panda..................................28
Electroejaculation ..........................................................................28
Artificial Vagina ............................................................................30
iv

Artificial Insemination ...................................................................31
III. DETECTION OF ESTROGEN MIMICS IN BAMBOO: INDIRECT
EVIDENCE OF PHYTOSTEROL PRESENCE ......................................33
Abstract ...............................................................................................................33
Introduction .........................................................................................................34
Materials and Methods ........................................................................................36
Statistical Analysis .....................................................................................41
Results .................................................................................................................42
Discussion ...........................................................................................................55
Conclusion ..........................................................................................................61
IV. DEVELOPMENT OF A NON-INVASIVE METHOD OF SEMEN
COLLECTION UTILIZING CHEMOSENSORY CUES IN
THE GIANT PANDA (AILUROPODA MELANOLEUCA) .....................62
Abstract ...............................................................................................................62
Introduction .........................................................................................................64
Materials and Methods ........................................................................................66
Statistical Analysis .....................................................................................71
Results .................................................................................................................71
Discussion ...........................................................................................................75
Conclusion ..........................................................................................................78
V. CONCLUSION ......................................................................................................80
REFERENCES ..................................................................................................................84
APPENDIX
A. RADIOIMMUNOASSAY PROTOCOL FOR ESTRADIOL...............................95
B. ESTROGEN RECEPTOR BINDING ASSAY PROTOCOL ...............................97
C. SIDE-BY SIDE COMPARISON OF TWO RADIOIMMUNOASSAY
KITS .........................................................................................................101
D. OUTLIERS REMOVED FROM THE DATA SET ............................................105
E.

COMPARISON OF LEVELS OF IMMUNOREACTIVE
ESTROGENS AS MEASURED BY RIA BY MEAN ...........................107

F.

ESTROGEN RECEPTOR BINDING ASSAY DATA
COMPARING SPECIES AND SEASON ...............................................109
v

G. ESTROGEN RECEPTOR BINDING ASSAY DATA
SOY CONTROLS ...................................................................................112
H. RADIOIMMUNOASSAY DATA:
PROGESTERONE, TESTOSTERONE, CORTISOL ............................114
I.

CALCULATION OF MAXIMUM AVERAGE INTAKE OF
PHYTOESTROGENIC COMPOUNDS .................................................118

J.

SCANNING ELECTRON MICROSCOPY IMAGES:
BAMBOO LEAVES ................................................................................120

vi

LIST OF TABLES

2.1

Characteristics of ram semen collected by three methodsa ........................31

3.1

DSL® Estradiol assay specificity used for immunoreactive
estrogen determinations in concentrated bamboo extracts ............38

3.2

Coat-a-Count® Estradiol assay specificity used for
immunoreactive estrogen determinations in concentrated
bamboo extracts .............................................................................40

3.3

Comparison of levels of immunoreactive estrogens as measured by
RIA* by mean between plant parts: preliminary data set ...............43

3.4

Comparison of levels of immunoreactive estrogens as measured by
RIA* by mean between plant parts.................................................45

3.5

Comparison of levels of immunoreactive estrogens as measured by
RIA* by mean between harvest locations ......................................46

3.6

Comparison of levels of immunoreactive estrogens as measured by
RIA* by mean between plant parts for each species ......................47

3.7

Comparison of levels of immunoreactive estrogens as measured by
RIA* by mean between species for each plant part........................48

4.1

Ethogram data collection form for reactionary behavior of subject
when presented with stimulus ........................................................70

4.2

Trial #1: investigationa ..............................................................................72

4.3

Trial #1: licks and smells ...........................................................................72

4.4

Trial #2: investigation, licks, and smells ..................................................73

4.5

Trial #3: investigation, licks, and smells ..................................................74

4.6

Behavioral responses of subject M466 to urine from an estrus
female vs. deionized watera ...........................................................76
vii

A.1

Comparison of two radioimmunoassay kits .............................................102

A.2

Outliers removed from the data set ..........................................................106

A.3

Comparison of levels of immunoreactive estrogens as measured
by RIA* by mean between species ...............................................108

A.4

Comparison of levels of immunoreactive estrogens as measured
by RIA* by mean between season ................................................108

A.5

Soy controls .............................................................................................113

A.6

Radioimmunoassay data from other steroid hormones ............................115

A.7

Maximum average intake of phytoestrogenic compounds for
the giant panda .............................................................................119

viii

LIST OF FIGURES

3.1

Estrogen receptor binding assay analyzing the preliminary data
set: comparison by bamboo plant part (all species pooled:
Phyllostachys aurea, P. aureosulcata, P. glauca, Pseudosasa
japonica, Arundinaria gigantea) ...................................................44

3.2

Estrogen receptor binding assay analyzing the expanded data set:
comparison by bamboo plant part (all species pooled:
Phyllostachys aurea, P. aureosulcata, P. glauca) .........................50

3.3

Estrogen receptor α binding assay analyzing the expanded data set:
comparison by species according to bamboo plant part ................51

3.4

Estrogen receptor β binding assay analyzing the expanded data set:
comparison by species according to bamboo plant part ................53

3.5

Estrogen receptor binding assay analyzing the expanded data set:
comparison by part for each species ..............................................54

4.1

Urinary steroid hormone profile of subject F507 during 2007
estrous cycle ...................................................................................68

A.1

Estradiol standard curve ...........................................................................100

A.2

Estrogen receptor binding assay analyzing the expanded data
set between species ......................................................................110

A.3

Estrogen receptor binding assay analyzing the expanded data
set between season .......................................................................111

A.4

Scanning electron microscopy images .....................................................121

ix

CHAPTER I
INTRODUCTION

Giant panda (Ailuropoda melanoleuca) conservation has been a worldwide
concern since the 1970s when the species suffered a rapid decline in their population. The
reason attributed to this devastating loss was human interference and a large scale die-off
of their sole food source, bamboo. Since 1980, many programs and laws, including the
establishment of 62 nature reserves, have been implemented to protect the species and to
reverse the damage the population had suffered. Although positive results are promising
and progress has been made, pandas are still an endangered species and continue to
experience problems reproducing in captivity. Research concerning all aspects of the
panda must be conducted in order to increase the knowledge and efficiency concerning
panda breeding and management.
One aspect of the panda’s foraging ecology that raises many questions is the
panda’s nearly exclusive diet of bamboo, subfamily Bambusoideae (Adamson et al.,
1978). Bamboo accounts for 95-99% of the animal’s diet (Schaller et al., 1985; Reid and
Hu, 1991; Carter et al., 1999; Long et al., 2004), which can pose a digestion problem due
to the panda’s carnivorous digestive tract. Many studies have been conducted analyzing
nutritional components of bamboo as they relate to digestion and passage rate in the
panda. However, little information is available concerning the presence or absence of
1

phytoestrogens produced by the bamboo plant. Phytoestrogens are naturally occurring
non-steroidal plant compounds that mimic endogenous faunal estrogens and can
competitively bind estrogen receptors (Limer et al., 2004). Consumption of plants that
produce these compounds can lead to fertility problems (Hughes, 1988). Phytoestrogen
mimicry is a mechanism that allows the plant to protect itself and regulate the
surrounding population of foragers. Whether certain species of bamboo produce these
hormone-like compounds, or not, has not yet been documented. The objective of the first
study was to determine the presence or absence of phytoestrogens in bamboo species fed
to the pandas housed at the Memphis Zoo using two methods: an estrogen antibodydependent immunoreactive cross-reactivity assay and an estrogen receptor binding assay.
The findings obtained from these two assays may provide insight into the breeding
problems that plague pandas in captivity.
Even though breeding pandas in captivity has been met with varied success,
captive breeding programs are an essential tool to fight population declines and
ultimately extinction. Unfortunately, in many cases, especially with the giant panda,
natural reproduction fails and assisted reproductive technologies (ART) must be
employed to increase the probability of mating, conceiving and producing offspring. For
the panda, this process includes: precise monitoring of hormones to track the estrous
cycle, electroejaculation of the male for semen collection, and artificial insemination of
the female (Bonney et al., 1982, Masui et al., 1989, Czekala et al., 2003, Durrant et al.,
2003). Most research institutions have had success with these methods; however, these
methods could be improved. Electroejaculation has disadvantages and limitations; it is an
invasive procedure and yields samples that have a low sperm count and are often
2

contaminated with urine (Brady and Gildow, 1939; Platz et al., 1983; Cary et al., 2004). I
propose that use of an artificial vagina (AV) will result in less contaminated, higher
quality semen samples and induce less stress on the male panda leading to greater
artificial reproductive success for the captive giant panda. The objective for the second
study was to obtain sperm-rich, urine-free semen samples from a panda through the use
of an AV.
This research will further our knowledge concerning the diet as well as
reproductive behaviors of the giant panda. This invaluable information will aid in
rebuilding the population and increasing the care that we provide for these iconic
animals.
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CHAPTER II
LITERATURE REVIEW

Bamboo
Bamboos are perennial grasses and members of the family Poaceae, subfamily
Bambusoideae (Adamson et al., 1978). There are over 1,200 different species found
worldwide with over 400 of these species cultivated in the United States (Calderon and
Soderstrom, 1980). Of these 400 species, 24 of them belong to the genus Phyllostachys
(McClure, 1957), the genus of focus for this thesis. The abundance of bamboo has made
it an essential source used throughout history for common items including: paper, paper
pulp, fishing poles, shades, furniture, building materials and food (Adamson et al., 1978).
While many eastern cultures greatly benefit from these household items, bamboo
represents an indispensable source of food for many species including: the giant panda
(Ailuropoda melanoleuca; Edwards et al., 2006), the red panda (Ailurus fulgens;
McClure, 1993), four species of bamboo rats (Rhizomys sinensis, R. pruinosus, R.
sumatrensis, Cannomys badius; Gugnani et al., 2004) and bamboo lemurs (Hapalemur
griseus, H. simus, H. aureus; Tan, 1999). Due to the economic and environmental
significance of bamboo, every aspect of the growth and maturation process must be well
understood to support its continued existence.
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There are three main structural components present in all species of bamboo:
rhizomes, culms and culm branches. The rhizomes are generally subterranean and
represent the main foundation of the plant. Rhizomes of the genus Phyllostachys are
unique in their slender structure, the presence of buds at all nodes beyond the “neck”
region, and wide geographical range (McClure, 1957). Culms grow either laterally or
apically from the rhizome, depending on the morphology of the bamboo species. When
they emerge from the rhizome, culms are referred to as shoots and they are covered by
culm sheaths for every node. The duration of this growth stage varies greatly even within
Phyllostachys. For example, the culms of some species may have reached their maximum
height and shed their culm sheaths before other species’ shoots have visibly emerged
(McClure, 1957). On average, within 6 to 8 weeks, culms reach their maximum height
(Adamson et al., 1978). Maximum diameter of the culm is achieved as soon as the shoot
emerges (McClure, 1957). Phyllostachys culms are unique from other genera in the
production of hollow culms from lateral buds (McClure, 1957). Culm branches form
from upper nodes present on culms. Single branches in the genus Phyllostachys usually
begin to form mid-culm from nodes and two or three branches protrude from subsequent
nodes (McClure, 1957). Once the plant has produced the three main structural
components, leaf blades or leaves begin to form. Bamboo leaves of the genus
Phyllostachys are stalked or petiolate with the lower leaves appearing shorter and broader
and the upper leaves being longer and narrower (Adamson et al., 1978).
Differences between individual bamboo plants can be attributed to several factors
including: species-specific traits, climate, or native origin. The most distinguishing factor
when classifying bamboo is the rhizome system. Some species are classified as
5

leptomorphic or running bamboos because their rhizomes grow and spread quickly.
These species, including the genus Phyllostachys, are generally found in temperate
climates. Other species are termed pachymorphic or clumping bamboo because the root
system slowly spreads out from the original plant, expanding only a few inches annually.
Clumping bamboos typically grow in tropical climates; however, some pachymorphic
species can survive in temperate conditions (Calderon and Soderstrom, 1980). Species
differences account for significant height variation between bamboo plants, which can
range from 30 cm to 30 m. The average height of Phyllostachys aurea is approximately
8.3 m; P. aureosulcata averages approximately 8.1 m; P. glauca averages 10.2 m
(McClure, 1957).
The previously discussed growth and maturation of the bamboo plant represents
the vegetative phase. The duration of this phase of the plant’s life varies based on species
and climatic conditions. The next phase, the reproductive phase, is when flowering and
fruiting occurs. In monocarpic species, the plant will die off in the years following
flowering; while in other species, including all Phyllostachys, only the culms containing
flowers die and the rhizomes create new culms after the 5 to 10 year flowering period
(McClure, 1993). Flowering and fruiting events are difficult to study because some
species of bamboo have never had a flowering event documented. Wang et al. (2007)
recently reported a study during which they investigated germination after a flowering
event. They compared the difference between shaded and non-shaded areas on bamboo
regrowth. In an attempt to replicate conditions, they also evaluated the use of nitrogen
fertilizer to mimic the effects of the presence of biomass which occurs in shaded areas.
The results indicated that nitrogen fertilizer could be used following a flowering event to
6

assist regeneration of bamboo populations. The resulting accelerated regrowth may
benefit animal species that are dependent on bamboo as a source of food.

Bamboo as it Relates to Giant Panda Nutrition and Digestion
Bamboo represents an essential source of food for the herbivorous giant pandas,
comprising 95 to 99% of their diet (Schaller et al., 1985; Reid and Hu, 1991; Carter et al.,
1999; Long et al., 2004). Most herbivores harbor microbial populations that aid in the
digestion of plant material. They also have adaptations including long gastrointestinal
tracts that allow for long retention and time to break down the food source; however,
pandas have a simple stomach like other carnivore species consisting of no cecum and a
short, straight, non-complex colon that averages 10 cm in length (Dierenfeld et al., 1982).
The panda’s digestive tract does not have the physiological adaptations for extensive
microbial digestion; however, while it has not been documented, intestinal microbes may
play a minor role in the breakdown of plant material by the panda. Zhang et al. (1988)
examined the bacterial populations of panda fecal matter and found that the predominant
bacterial species was Escherichia coli. Another study at the Ueno Zoo in Japan compared
the intestinal microflora of two adult pandas to a male infant and found significant
differences in bacterial populations (Hirayama et al., 1989). The diet offered to the adults
included gruel (cooked rice, milk, egg, prune, boiled horse meat, horse meat soup, sugar,
salt, bone meal, and multiple vitamins), apples, carrots, steamed dumplings (corn meal,
soybean meal, salt, bone meal, and milk), sugarcane, rice straw and bamboo. When the
study began, the infant panda was nursed by the mother. As the study continued, the
infant was weaned off of milk and transitioned to an adult diet as previously described.
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The primary bacteria present in the small intestine of the adults were Streptococcus and
members of the family, Enterobacteriaceae. In contrast, the intestine of the infant
contained primarily Lactobacillus and Streptococcus with a smaller population of
Bifidobacterium. When the infant’s diet began to transition from a milk-based diet to a
bamboo-based diet, the concentration of Lactobacillus decreased and Bifidobacterium
could no longer be detected. The concentration of Enterobacteriaceae increased and
became one of the primary microflora inhabiting the adult gastrointestinal tract
(Hirayama et al., 1989). In the same study, Hirayama et al. (1989) found differences
between male and female intestinal microflora. Streptococcus bovis was the most
dominant Streptococcus present in the female; whereas, the dominant strain of
Streptococcus in the male and the male infant was found to be an unidentified species
(Hirayama et al., 1989). While this study provided much insight into the intestinal
microflora of the giant panda, the sample size was very small due to the small population
of pandas worldwide and the study would need to be repeated to confirm the findings.
Though there are additional components present in the diet of captive pandas as
compared to wild pandas, these findings could potentially aid in tracking and identifying
the age of pandas in the wild. Even if microflora does play a role in bamboo digestion,
pandas gain little nutrition from bamboo and cannot digest the cellulose component of
bamboo (Dierenfeld et al., 1982). This forces pandas to consume very large quantities of
bamboo (up to 6% dry matter of body weight) daily in order to extract the necessary
nutrients for survival from this food source (Dierenfeld et al., 1982). For this reason, the
diet of pandas in captivity is also supplemented with small quantities of gruel, carrots,
apples and feline diet (Dierenfeld et al., 1982).
8

Pandas consume different parts of the plant based on dietary needs and season.
Observational studies of pandas in the wild reported that in the summer (July through
September), pandas primarily consumed leaves due to their high concentration of
digestible energy and crude protein. In the winter (October through March), pandas
consumed leaves and culm; while in spring (April through June) pandas ate culm and
shoots (Schaller et al., 1985). Researchers at the Memphis Zoo recorded plant part
preference for pandas in captivity and reported similar results in dietary shift at different
times (Hansen et al., 2009). From June to December, the panda preferred the leaf; in
February through May, both pandas switched to consuming culm (Hansen et al., 2009).
The amount of leaf consumed also varied according to month. From May to October, the
pandas consumed significantly more leaves each month (P < 0.001; Hansen et al., 2009).
Another study conducted at the National Zoo reported the nutritional composition of P.
aureosulcata (Dierenfeld et al., 1982). According to Dierenfeld et al. (1982), the leaf
contains the greatest amount of crude protein (13.4% dry matter basis), followed by the
culm (~2.95% dry matter basis) and pith, the inner portion of the culm (1.9% dry matter
basis). All parts contained gross energy with the leaf having the greatest concentration
(4.8 kcal/g) and the culm (4.6 kcal/g) and pith (4.6 kcal/g) containing equal amounts.
Cellulose content was also examined and showed the leaf having the least concentration
(21.5 % dry matter basis). The culm averages 38.2% dry mater and the pith consists of
37.9% dry matter (Dierenfeld et al., 1982). The different nutritional components present
in each bamboo part could play a role in the panda’s selection process while eating.
Pandas have also shown a preference for species of bamboo consumed. Tarou et
al. (2005) conducted a choice test in October 2002 and presented two pandas with three
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different species of bamboo (Phyllostachys nigra, Phyllostachys bissetii, Pseudosasa
japonica). The results indicated that the male panda preferred Pseudosasa japonica
compared to the other two species of bamboo and the female preferred both
Phyllostachys bissetii and Pseudosasa japonica more than Phyllostachys nigra (Tarou et
al., 2005). Both pandas in this trial exhibited preference for leaves over culm which was
later reconfirmed through the findings of Hansen et al. (2009).
While species and plant part have been implicated in the selection process by the
panda, location of the bamboo plant also plays a role. When comparing feeding sites in
the Longxi-Hongkou Nature Reserve (Sichuan, China), it was concluded that pandas
prefer to feed on bamboo patch edges (Yu et al., 2003). This preference was originally
attributed to a greater quantity and thicker bamboo shoots being present in these areas
(Schaller et al., 1985). However, Yu et al. (2003) disproved this theory. They determined
that this feeding habit was not due to density, diameter or height of the bamboo plant, nor
plant part or bamboo species. The reason attributed to the pandas foraging strategy was
that foraging on edges requires less energy because the plants were more accessible.
Because pandas have such an inefficient digestive system, they need to consume as much
bamboo as possible while expending as little energy as possible (Yu et al., 2003).
Due to the significant role that bamboo plays in the diet of the giant panda, it is
imperative that the life cycle and composition of bamboo is well understood to continue
to support its existence. Without bamboo, the future of the panda in their natural habitat
appears bleak. During the mid 1970’s, the panda population suffered a major loss because
three Fargesia species that comprised the panda’s major feed source flowered and died
off (Schaller et al., 1985). In the 1980’s, Bashania fangiana, another major feed source of
10

the panda, had a simultaneous flowering event (Reid et al., 1989) leading to the loss of
approximately 141 pandas (Feng and Li, 2001). The trigger of this massive flowering
event is still unknown. In order to prevent this devastating event from occurring again,
researchers must continue to study bamboo and fully understand its impact on the giant
panda.

Phytoestrogens

Classification and Sources
Phytoestrogens are naturally occurring, non-steroidal, estrogenic plant-products
that bear a structural similarity to estradiol-17β and act in a similar manner (Limer et al.,
2004). These compounds have been shown to mimic the effects of the endogenous faunal
hormone estrogen (E2). The three main phytoestrogen groups are isoflavones, coumestans
and lignans (Limer et al., 2004; Sirtori et al., 2005; Moon et al., 2006). The most
documented class, the isoflavones, is found in soybeans, soy products, chickpeas and red
clover. It is unknown if isoflavones bind to a secondary site on the ER or compete for
specificity (Martin et al., 1978). Coumestans are detected in beans, peas, clover, spinach
and sprouts. Lignans can be found in rye grains, linseeds, fruits, carrots, spinach, broccoli
and other vegetables and are subdivided into enterolactone and enterodiol (Limer et al.,
2004). All three classes of phytoestrogens have a phenolic ring and have a pair of
hydroxyl groups creating a stereo similarity between phytoestrogens and estradiol-17β
(Kurzer and Xu, 1997; Sirtori et al., 2005), which allows them to bind with estrogen
receptors and activate transcription leading to both positive and negative effects on
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fertility and development in humans and other animals (Chapin et al., 1996; Mense et al.,
2008).

Role of Phytoestrogens
Plants produce phytoestrogens as a defense mechanism to protect them from
predators (Bearden et al., 2004). Loss of a part of the plant is costly because the plant
loses structural strength and moisture. The plant must also rebuild the portion that was
lost which requires energy that could have been utilized for reproduction and survival
(Wynne-Edwards, 2001). By producing phytoestrogens, plants can regulate the fertility of
their predators while having little to no impact on the plant. Steroid hormones do not play
the same important reproductive role in plants as they do in animals. By reducing the
number of predators through impairing or decreasing fertility, the plant is able to reduce
the number of attacks (Hughes, 1988; Wynne-Edwards, 2001). This short-term protective
mechanism produces long-term effects for the survival of the plant. Phytoestrogens also
serve to signal bacteria present in soil to engage in a symbiotic relationship with the
plant’s root system. An example of this relationship is the bacteria Rhizobium can form
nodules in the plant’s root and utilize the carbon present in the plant. In exchange, the
Rhizobium acts to convert atmospheric nitrogen to ammonia (NH3), which acts as
fertilizer for the plant (Fox et al., 2004).

Other Phytosterols
Phytoestrogens are one group of compounds among many plant-derived
phytosterols. One recently discovered phytosterol is a phytoandrogen. It was found in the
12

tree bark of the Gutta-Percha tree Eucommia ulmoides. It has been reported to mimic
androgens through binding testosterone receptors (Ong and Tan, 2007). Other plants have
been shown to have phytoprogesterone activity. An example is chasteberry (Vitex agnuscastus), or monk’s pepper, which is the fruit of the chaste tree. Effects of low doses
include decreased estrogen levels and increased progesterone and prolactin levels
(Roemheld-Hamm, 2005). Studies have also indicated that consumption of this plant may
decrease libido in males (Dierenfeld et al., 2006). Another group of phytosterols, 6methoxybenzoxazolinone (MBOA), is a cyclic carbamate produced by growing grasses
and sedges in response to tissue damage or infection (Sanders et al., 1981; Meek et al.,
1995; Willard et al., 2006). When this compound is ingested, detectable biological
effects, especially alterations to the reproductive system, can occur in animals. MBOA
has been shown to enhance reproduction in the meadow vole (Microtus montanus) by
increasing the frequency and size of litters, increasing female to male ratios, and
increasing seasonal reproductive development (Berger et al., 1987; Urbanski et al.,
1990). MBOA also has been shown to increase ovarian weight and FSH production in the
pine vole (Schadler et al., 1988) and Sprague–Dawley rat (Butterstein and Schadler,
1988). When treated with MBOA, Sprague-Dawley rats experience increased ovarian
weight as well as an increased number of ova shed (Butterstein and Schadler, 1988).
These examples illustrate how this compound can increase gonadotropin production and
follicular development in some species; however, MBOA has no effect on other species.
When transitional mares (Ginther et al., 1985) and prepubertal gilts (Guthrie et al., 1984)
were treated with MBOA, no reproductive advancements were observed. All of the
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previously discussed examples reveal the strong presence that phytosterols have in
regulating reproduction of their predators in both a positive and negative manner.

Phytoestrogens and Fertility
The first evidence of decreased fertility rates due to phytoestrogen exposure was
observed in livestock and was titled “clover disease” in Western Australia. Sheep that
ingested subterranean clover (Trifolium subterraneum) for a prolonged period of time
became permanently infertile (Bennetts et al., 1946). Subterranean clover was later
shown to contain up to 5% dry weight of isoflavones (Adams, 1995). Another study
reported that ewes grazing on similar clover pastures had a 70% reduction in lambing rate
(Findlay et al., 1973). Findlay et al. (1973) accounted the low lambing rate to the
disruption of the hypothalamic positive feedback of estradiol-17β which is necessary to
incite a surge of luteinizing hormone. In a normal estrous cycle, this surge is followed by
ovulation. While extensive research has been conducted with sheep, the detrimental
reproductive effects of phytoestrogens are not limited to this species. They are evident in
many different species including: cattle, mice, quail and rabbits. In Bos taurus, the
domestic cow, infertility was observed after ingesting alfalfa containing 14-35 ppm
coumestrol (Moule et al., 1963). Mice (mus musculus) on a 15-30% Ladino white clover
diet were infertile and experienced inhibition of estrus and inhibition of ovulation
(Leavitt and Wright, 1963). Similarly, Leopold et al. (1976) reported that California quail
(Lophortyx californicus) were unable to reproduce after being on a diet of forbs which
contained isoflavonoids. Another study using rabbits (Oryctolagus cuniculus) revealed
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infertility, failure to ovulate and failure of the embryo to implant after exposure to Ladino
white clover and Ladino white clover hay (Wright, 1960).

Phytoestrogens and Development
Many animal species exposed to phytoestrogens during the prepubertal period
have been shown to experience delays or changes in development. Jefferson et al. (2005)
reported that exposure to environmentally relevant doses of genestein during the neonatal
stage caused irregular estrous cycles, altered ovarian function, premature reproductive
senescence and subfertility/infertility in mice. Kouki et al. (2003) examined the effects of
genestein and daidzein exposure on the brain in immature mice and concluded that
genestein mimics estrogen during the sexual differentiation process causing
defeminization of the brain. This had a detrimental impact on lordosis and the estrous
cycle of exposed mice. Another study conducted using mice revealed that maternal
exposure to phytoestrogens led to early onset of puberty and increased length of the
estrous cycle in offspring (Nikaido et al., 2004). The effects of phytoestrogens differ
based on species, gender, length of time exposed, concentration of phytoestrogens, and
types of phytoestrogens (Dusza 2006).
The impact of phytoestrogens on fertility and development has been well
documented in many animal species. These studies coupled with the current knowledge
concerning phytoestrogens raise questions as to whether phytoestrogens could have a
negative impact on the fertility and reproduction of the herbivorous giant panda.
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Phytoestrogen Detection Methods
There are many different methods of phytoestrogen detection that are currently
employed. Examples of techniques include immunoassay, gas chromatography-mass
spectrometry (GC-MS), high performance liquid chromatography (HPLC) and high
performance liquid chromatography-mass spectrometry (HPLC-MS). These techniques
vary in detection sensitivity, specificity, cost, time and other factors. The first technique,
immunoassays, is based on antigen and antibody binding to determine the amount of
antigen present in a biological substance (Wilkinson et al., 2002). There are three
different immunoassays used to identify phytoestrogens: radioimmunoassay (RIA), time
resolved fluorescence immunoassay (TR-FIA) and enzyme-linked immunosorbent assay
(ELISA). In an RIA, 125I-labeled estradiol competes with estradiol-like compounds in the
unknown sample for antibody sites. This technique is very sensitive and many samples
can be analyzed in one assay; however, the radioactive components may be unstable and
disposal of radioactive waste can be costly and hazardous. TR-FIA is also sensitive and
its results are highly reproducible, but expensive instrumentation can be a drawback for
many research institutions. ELISA is often used because many samples can be run in the
same assay, results are produced quickly and the instrumentation is inexpensive. A
disadvantage when running an ELISA, as well as the other described immunoassays, can
be antibody specificity and crossreactivity of similar compounds (Wilkinson et al., 2002).
GC-MS is a combination assay that uses gas chromatography to separate components of a
mixture based on solubility and mass spectrometry to analyze the individual components
by measuring the mass and abundance of charged particles. GC-MS is sensitive and
specific in detecting compounds, and multiple–analyte detection is possible in each assay.
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This method can also be utilized for new metabolite discovery and identification. While
this technique is very effective and commonly utilized, there are some drawbacks
including: expensive instrumentation, extensive training required, complex sample
preparation and only a limited number of samples can be run at a time (Wilkinson et al.,
2002). HPLC is a form of column chromatography that is used to separate, identify and
quantify compounds. Sample preparation is much simpler than GC-MS. HPLC also has a
wide analytical range that may include nonvolatile compounds. Multiple-analyte
detection is possible and HPLC equipment is commonly found in laboratories. The
disadvantages of HPLC include that the assay is less sensitive and less specific than GCMS, expertise is required for operation of the equipment, and the slow output limits the
number of samples that can be run in each assay (Wilkinson et al., 2002). The final
technique discussed, HPLC-MS, has very low detection limits and is specific. Sample
preparation is simple and a large number of samples can be processed simultaneously.
Multiple-analyte detection is possible. This is a very effective technique; however, the
equipment is very expensive and expertise is required to perform the assay (Wilkinson et
al., 2002).

Estrogen
Endogenous estrogens are steroid hormones derived from a cholesterol precursor
and are named for their role in the estrous cycle (Gruber et al., 2002). Cholesterol is
obtained through dietary intake and it is also synthesized within all vertebrate cells,
particularly in the liver, intestine and skin (Edwards, 2002). With the contribution of over
40 enzymes, lanosterol, a 30-carbon intermediate, is degraded to the 27-carbon
17

cholesterol (Edwards, 2002). Once cholesterol is formed, it is transported via the
bloodstream to each hormone-secreting gland. Specifically for estrogen, cholesterol is
sent to the theca cells of the ovary where cytochrome P450 enzymes catalyze the
cleavage of a side chain, and it is converted to an androgen (Gruber et al., 2002). After
the removal of carbon 19 and two hydrogen atoms from the androgen, three major forms
of estrogen (i.e. estradiol-17β, estrone, and estriol) are aromatized in the smooth
endoplasmic reticulum of follicular granulosa cells (Dorfman, 2002; Gruber et al., 2002).
The amount of estrogen synthesis in animals can be directly correlated with age and body
weight (Gruber et al., 2002). Once estrogen is synthesized, it is bound to sex-hormone
binding globulin and is transported throughout the body via the bloodstream.

Role of Estrogen
Estrogen, also known as the “female sex hormone,” is a complex steroid known to
be involved in many different functions during puberty including stimulation of the
development of sex organs and secondary sex characteristics, stimulation of linear growth
and closure of the epiphyses of the long bones and distribution of body fat. If there are
inadequate levels of estrogen, puberty either fails to occur or proceeds slowly (Rhoades
and Pflanzer, 2003). After puberty, estrogen plays a role in the onset of mating behavior
during estrus, cyclical changes in the female tract, stimulation of growth, differentiation
and function of the mammary gland, uterus, ovary, testes and prostate, and maintenance
of female secondary sex characteristics (Bearden et al., 2004). Estrogen also stimulates
growth, blood flow and water retention in sexual organs (Gruber et al., 2002). Although
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there are estrogen receptors present in the brain, bone, liver and heart, the major tissues
targeted by estrogen are the breasts and uterus.

The Estrous Cycle
Estrogen plays an essential role in the estrous cycle which can be defined as a
hormonally controlled, regularly repeated cycle that prepares most placental female
mammals for reproduction (Tyler and Hamilton, 2002). Prior to menarche, the female
produces pulses of gonadotropin-releasing hormone (GnRH) from the hypothalamus.
Before menarche, the production of this hormone is low, but as the female approaches
menarche, these pulses of GnRH increase in frequency which stimulates the pituitary to
produce follicle-stimulating hormone (FSH) and luteinizing hormone (LH). Both FSH
and LH play vital and important roles in the estrous cycle. When the level of FSH and LH
reaches a defined threshold level, follicle growth, oocyte maturation, and ovulation
occurs (Bearden et al., 2004). This initial sequence of hormone production exemplifies
the female experiencing menarche.
The estrous cycle has two phases; the follicular phase and the luteal phase, both
phases further contain two distinct periods to be discussed below. These phases vary in
length and hormone concentration in every mammalian species. However, the events that
comprise each phase are similar for many species.
The sub grouping or periods of the follicular phase are proestrus and estrus
(Bearden et al., 2004). Proestrus begins when the level of progesterone decreases
following luteolysis, or destruction of the corpus luteum, the progesterone-secreting body
that forms after ovulation (Bearden et al., 2004). Estrogen, FSH and LH levels increase
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and rapid follicle growth occurs as the female prepares for ovulation or release of an egg.
Estrus, the period when the female will accept copulation, follows proestrus. Giant panda
behavioral changes including increased movement, vocalizations, scent marking and
anxiety occur during this time. The estrogen peak occurs during estrus, followed by a
surge of LH and FSH which both precede ovulation. Ovulation occurs in late estrus or the
beginning of the next period, metestrus, depending on the species.
The second major phase or luteal phase of the estrous cycle, can also be further
divided into two distinct periods known as metestrus and diestrus (Bearden et al., 2004).
Metestrus is the time between ovulation and formation of a functional corpus luteum. The
levels of both estrogen and progesterone are low during this time. As the female
transitions from metestrus to diestrus, the levels of progesterone increase significantly
because the corpus luteum is fully functional and the body is preparing for maintenance
of a pregnancy (Bearden et al., 2004). If a successful pregnancy occurs, the female will
enter into an anestrus period in which she will not exhibit regular estrous cycles. Her
progesterone levels will remain elevated and estrogen levels will remain low for the
duration of the pregnancy. If a successful pregnancy does not occur and the female is
polyestrus, the female may repeat this cycle until a pregnancy is achieved. However, if
she is a member of a monoestrus species (i.e. one estrous cycle per year) like the giant
panda, she will enter a period of anestrus until the subsequent breeding season (Bearden
et al., 2004). Not all mammals follow this basic pattern. In the estrous cycle in the sow,
there is a peak of FSH concentration at approximately day 4 instead of day 0 or 1.
Another group with a unique estrous cycle is the mare with estrus ranging from 2 to 12
days. Mares also have an extended preovulatory LH surge that can last several days while
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most species only have a 6 to 10 hour surge (Bearden et al., 2003). Even though there are
interspecies differences in hormone concentration and length of estrus, all mammalian
species rely and depend on estrogen to control their reproductive cycle.

Estrogen Receptors
In order for estrogen to perform the previously discussed functions, highly
specific estrogen receptors must be present. These receptors, when activated by estrogen,
cause a conformational change resulting in a different three dimensional structure of the
protein (Rhoades and Pflanzer, 2003). Once binding has occurred, a signaling pathway is
activated causing a biological effect. This binding activity normally behaves on a
logarithmic scale in which the more receptors that are occupied leads to a larger
biological response up to saturation of the reaction (Vmax). The two known estrogen
receptor subtypes are estrogen receptor-α (ERα) and estrogen receptor-β (ERβ). Both ERs
are composed of seven domains belonging to the nuclear hormone-receptor superfamily.
ERα gene is located on chromosome 6; while ERβ is found on chromosome 14 (Gruber et
al., 2002). The sequence homology of the two receptors is low meaning that ligands have
different binding affinities for each receptor (Gruber et al., 2002). ERα and ERβ are
present in the ovary and the uterus (Kuiper et al., 1997). ERα is predominantly associated
with reproductive tissues and ERβ is found more readily in the prostate, lung, bladder,
brain and granulosa cells (Kuiper et al., 1997; Nynca and Ciereszko, 2006).
When estrogen levels are improperly regulated or when other compounds,
including phytoestrogens, mimic estrogens, detrimental effects on the estrous cycle
including weak or prolonged estrus, lack of estrus, irregular estrous cycle lengths, cystic
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ovaries, endometrial hypertrophy and abortion can occur (Chapin et al., 1996; Bearden et
al., 2004). There are over 300 plants identified that contain substances that produce
estrogenic activity which puts herbivores, including giant pandas, at a high risk of any
one of these unfavorable events related to reproduction (Hughes, 1988).

The Giant Panda (Ailuropoda melanoleuca)
The giant panda, Ailuropoda melanoleuca, is one of the rarest mammals in the
world. Their future as a species is in jeopardy due to a dramatic decline in their
population in the 1970s coupled with recent low reproductive rates and poor infant
survival (Czekala et al., 2003; Zhang et al., 2007). The reasons cited for the decline in
population are human interference, including poaching and habitat destruction, and
natural catastrophes specifically simultaneous large-scale bamboo flowering and die-off
events (Zhang et al., 2007). The panda is a solitary species native only to China, and is
now found in only six mountain ranges on the eastern Tibetan plateau, in Sichuan,
Shaanxi, and Gansu provinces (Hu, 2001; Zhang et al., 2007). In 2006, Ellis et al.
conducted a study using the size of bamboo fragments found in panda feces to estimate
the current population of giant pandas at 1,600 in the wild. Another study also published
in 2006 estimated the population as high as 3,000 by using microsatellite DNA collected
from panda fecals (Zhan et al., 2006). According to the 2008 IUCN Red List of
Endangered Species, less than 2,500 pandas remain in the wild. In addition to the wild
population, there are 241 pandas housed in zoos and reserves around the world with the
majority of these reserves located in China (Ellis et al., 2006).
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Giant Panda Reproduction
On average, pandas reach sexual maturity at 5.5 to 6.5 years of age and are
capable of reproduction until the age of 20 (Schaller et al., 1985; Zhu et al., 2001). The
panda is a seasonally monoestrous species with a mating season primarily from March to
May with cub birth ranging from July to September (Bonney et al., 1983). Monoestrous
species, such as the panda, enter into estrus once a year and only have a two to three day
period of conception. Number of young per litter is usually one or two cubs, with a birth
interval of two years (Zhu et al., 2001). The gestation length varies greatly in this species
ranging from 83 to 181 days (Mainka, 1999). The reason for this variation is that many
bear species experience delayed implantation; fertilized eggs develop into blastocysts and
implantation to the uterine wall is delayed for an unidentified amount of time (Seager and
Demorest, 1986). It has not yet been determined the exact purpose for this delayed
implantation. One theory is delayed implantation is an adaptation to prevent giving birth
in the winter when the young would be exposed to cold and harsh living conditions (Zhu
et al., 2001).

Giant Panda Estrous Cycle
Accurate monitoring of the estrous cycle to identify the exact time of ovulation is
paramount for any successful reproductive strategy. Determination of estrogen (E2) and
progesterone (P4) levels through immunoassays, and hormonal profiling correlated with
vaginal cytology and behavior modifications have given researchers the tools necessary
to develop successful breeding strategies for these animals. Specifically, hormone
metabolite levels taken from clean urine samples are analyzed through the Jaffe method
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and normalized to creatinine concentrations in order to account for variation in dilution
from sample to sample (Czekala et al., 2003). Estrogen levels start to increase
approximately 10 days before the peak of estrus. From day -14 to -12, estrogen
concentration remains below 6 ng/mg Creatinine (Cr), and on day -11 to -7, the
concentration ranges from 6 to 15 ng/mg Cr. At day 0, estrogen levels peak at
approximately 100 ng/mg Cr. The steady increase in estrogen has been attributed to the
maturation of the ovarian follicle (Czekala et al., 2003). After ovulation, a dramatic drop
of estrogen concentration occurs and estrogen returns to baseline levels at approximately
day 4 (Durrant et al., 2000; Czekala et al., 2003). Additionally, vaginal smears
characterize estrous cycle progression due to vaginal epithelium changes associated with
estrus and increased estrogen levels. Zoos have currently trained some female pandas to
sit in a position close to the door of the cage in order for the keepers to obtain these
smears without using anesthesia or any other invasive method. These smears are then
analyzed using the Papanicolaou technique, meaning the samples are stained and
evaluated (Durrant et al., 2000). Cellular chromatic shifts are then observed from
basophilic to acidophilic representing approximately eight days prior to ovulation. A
secondary shift occurs approximately two days prior to ovulation represented by an
increase in keratinized cells replacing acidophilic cells (Durrant et al., 2000). This testing
can be used as an additional parameter to determine precise date of ovulation. Another
monitoring technique is observation of vulvar swelling which is scored on a scale from 0
to 3. A score of zero is assigned during anestrus when the vulva is small and closed with
no swelling or pink color. The vulva begins to swell and appear pink in color when the
panda is approaching estrus. This observation is designated a score of one. A score of two
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is given when the vulva is moist, appears dark pink and is visibly swollen. When the
panda reaches a score of three, the vulva is very dark pink or red and it is open to the
vestibule, which leads to the vagina. This time period is associated with ovulation
(Durrant et al., 2003). Finally, behavioral observation is a key tool in determination of
estrus status. The male and the female will exhibit behaviors including: scent marking,
increased movement, and erratic or increased vocalizations.

Pregnancy and Pseudopregnancy
After natural mating or an artificial reproduction procedure, it is difficult to
determine the viability of the pregnancy in the giant panda. Hormone levels and behavior
are carefully monitored to detect any apparent changes. As previously described, when a
mammal is pregnant, progesterone levels are elevated which is inversely proportional to
the level of estrogen. Studies have attempted to utilize hormone levels in urine as a
method of detecting pregnancy in the panda. Masui et al. (1989) reported that following a
successful artificial insemination, pregnanediol levels, an inactive product of
progesterone, rose from 0.107 µg/ml to 0.512 µg/ml. After a second successful artificial
insemination, the concentration of pregnanediol rose to 0.366 µg/ml during gestation
(Masui et al., 1989). These findings suggested that elevated urinary pregnanediol levels
would be a good indicator of pregnancy. However, another study monitored the hormone
levels and behavior of a female giant panda for ten consecutive estrous cycles. The
subject was artificially inseminated every year and never had a successful pregnancy.
Following ovulation, the subject’s pregnanediol levels ranged from 0.72 to 1.79 µg/ml.
Elevated concentrations of pregnanediol were evident for 30 to 91 days (Narushima et
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al., 2003). The reason attributed to the similarities in pregnanediol levels is pandas often
have pseudopregnancies. A pseudopregnancy can be defined as an anestrous state that
resembles a pregnancy through similar hormone levels and behavior characteristics
following an unsuccessful breeding event (Erskine, 1998). Sato et al. (2001) reported that
in the family Ursidae, pseudopregnancy appears to be obligate meaning that every female
that ovulates and doesn’t conceive will exhibit a pseudopregnancy. A panda pregnancy
cannot be confirmed until the gestational sac can be visualized using a transrectal or
transcutaneous ultrasound (Ramsay, 2006).

Reproductive Management and Chemical Signaling
Due to the need for precise timing of reproduction and the many obstacles faced
by the giant panda, artificial methods of reproduction are of utmost importance. There are
two methods of reproduction with captive pandas: natural and artificial insemination. In
natural reproduction, a panda relies heavily on hormonal metabolites in scent marking,
pheromone release and mating calls due to the panda’s natural solitary lifestyle. A scent
mark is a semi-volatile residue secreted by the anogenital gland. Scent marking is
normally associated with mating; however, it has been reported that male pandas will
scent mark throughout the year (Hagey and MacDonald, 2003). Scent marking is used as
a method of communication to convey presence as well as estrus status of the individual.
Each panda has a unique chemical profile that is comprised of a mixture of volatile
compounds (Hagey and MacDonald, 2003). Hagey and MacDonald (2003) used mass
spectrometry to identify 951 chemical components from samples of scent glands, urine,
vaginal secretions and scent marks. The presence of chemical components varies between
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genders with the concentration of components varying between individuals of the same
gender (Hagey and MacDonald, 2003). Yuan et al. (2004) utilized similar methods to
determine if age could be determined based on scent marks. This study revealed trends in
concentration of compounds between subadults and adults suggesting that age can be
estimated using this technology. Another study attempted to use mass spectrometry to
distinguish the difference between sexually active and inactive individuals through
analyzing anogenital gland secretions; however, the differences were not significant
between these two groups (Liu et al., 2006). The individuality of volatile compounds in
anogenital gland secretions allows for successful communication in the wild as well as in
captivity. It also allows individual tracking in the wild with non-invasive methods.
Four different positions of scent marking have been documented with the first one
being the handstand (Hagey and MacDonald, 2003). This method, predominantly seen in
males, is when all the weight of the panda rests on his forelegs and the hindlegs are raised
completely off the ground. The next pose, the leg cock, is also more commonly seen in
males (Hagey and MacDonald, 2003). In this position, one hindleg is raised off of the
ground. The reverse posture is when a panda backs up into an object and leaves its scent
(Hagey and MacDonald, 2003). The final position, generally observed in females, is the
squat, where the panda simply squats and marks the ground (Hagey and MacDonald,
2003).
In addition to scent marking, studies have shown that pandas rely on
chemosensory cues. These chemical signals may be important for locating and choosing
possible mates and determining reproductive status of both males and females (Ziegler et
al., 1993; Rasmussen and Schulte, 1998; Swaisgood et al., 2002). Pheromones, or
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airborne chemical cues, are released in urine, feces or secreted from subcutaneous glands
to be recognized by the vomeronasal organ of the same species in order to induce a
behavioral or physiological response (Rekwot et al., 2001). Swaisgood et al. (2002)
performed a chemosensory trial comparing the reaction of male and female pandas to
female estrus and non-estrus urine. This study revealed that male pandas exhibited an
elevated interest as evidenced by increased investigation, flehmen and licking when
presented with female panda estrus urine as opposed to female panda non-estrus urine
(Swaisgood et al., 2002). It also reported that female pandas did not display the same
interest in female urine regardless of the estrus status of the urine that was presented.
These studies suggest that there are compounds present in female urine that aid in
communication of estrus status. White et al. (2003) expanded on this investigation to
determine if pandas could distinguish age differences based on male urine samples, male
anogenital gland secretions and female urine. The results revealed that pandas can
differentiate between subadult and adult urine and anogenital gland secretions. This
further demonstrates the important role of chemosensory cues in giant panda
reproduction.

Artificial Breeding Techniques for the Giant Panda

Electroejaculation
While natural mating is preferred for captive pandas, assisted reproductive
technologies are usually employed to increase the probability of a successful pregnancy.
The process of artificial insemination (AI) involves semen collection for the male and
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observation and precise timing of the insemination for the female. The most commonly
utilized technique for semen collection is electroejaculation; however, due to the nature
of the procedure, the sample tends to be contaminated with urine which results in a
decrease in the number of viable spermatozoa (Brady and Gildow, 1939; Cary et al.,
2004). Electroejaculation is a practice that must be performed while the panda is under
anesthesia to protect both the panda and the researchers administering the procedure.
Many different combinations of anesthetics and sedatives have been utilized in the giant
panda including: diazepam and chlorpromazine-ketamine HCL, tiletamine-HCLzolazepam, xylazine-ketamine HCL and others (Masui et al., 1989). After anesthesia is
administered, an enema is performed to empty the bowel and the bladder is drained
through the use of a catheter. Using a well-lubricated rectal probe (ranging from 33 to
56.5 cm long and 3 to 4.5 cm in diameter) equipped with 3 to 8 annular electrodes
measuring 1 cm in diameter, the device is inserted approximately 35 cm into the rectum.
Through the use of a multimeter stimulator, an alternating current (50 to 60 Hz) is
administered paired with an isolated current. The stimulation begins at 0 V and lasts for
three seconds to determine an ideal voltage, which is indicated by the extension of the
male’s rear leg or the slight adduction of the subject’s hind feet. Once an ideal voltage is
determined, the same stimulation is continued ten times in 2 to 3 second intervals.
Voltage is increased by 1 V every stimulation after the initial ten or if the subject
becomes refractory (Platz et al., 1983; Tsutsui et al., 2006). A study performed by
Tsutsui et al. (2006) on four pandas recorded approximately 140 individual stimuli in
each ejaculation procedure.
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Artificial Vagina
Urine contamination and abnormal sperm motility in semen collected using
electroejaculation is a common problem among many species (Brady and Gildow, 1939;
Cary et al., 2004). To overcome this obstacle, an artificial vagina (AV) can be utilized.
Semen that is collected with an AV more closely resembles semen delivered during
normal coitus (i.e. a higher sperm count and more motile sperm; see Table 2.1; Brady and
Gildow, 1939; Howard, 1993). An AV, which uses thermal and mechanical stimulation to
stimulate ejaculation, is composed of a tube with an outer rubber lining that will hold
water. A well-lubricated inner liner is placed inside the tube just prior to use. The outer
liner is filled and pressurized with water at 42 to 48°C. To collect semen, the male is
allowed to mount the dummy and the penis is diverted into the AV where he ejaculates
(Howard, 1993). This process usually requires training of the animal and human
assistance. Successful semen collection using an AV has been achieved in many species
including: horse, sheep, cattle, swine, alpaca, domestic cat, chimpanzee, rabbit and others
(Brady and Gildow, 1939; Amann et al., 1974; Hammerstedt et al., 1978; Platz et al.,
1978; Bravo et al., 1997; Young et al., 2005). The use of an AV to collect semen from
the giant panda has not yet been documented. However, in the case of the giant panda,
human assistance when introducing the AV must be limited due to the safety of the panda
as well as the zoo keepers. In order to attract the male panda to mount the AV, female
estrus urine can be placed on the AV since it has been well established that chemical
communication plays a significant role in governing mammalian social and reproductive

30

behavior (Swaisgood, 1999). If the collection is successful, the semen can be used for
artificial insemination or frozen for later use.

Table 2.1
Characteristics of ram semen collected by three methodsa
Characteristics

Vagina of Ewe

Volume

0.77 ± .04

Artificial
Vagina
1.18 ± 0.14

Electrical
Stimulation
1.46 ± 0.06

Spermatozoa per c.m.m.

1309 ± 43

1537 ± 41

937 ± 35

Spermatozoa

1061 ± 89

1875 ± 110

1354 ± 102

Motile cells

29.3 ± 3.0

38.8 ± 2.8

27.0 ± 2.3

pH
6.6
6.3
6.8
Winter – (180 ejaculates); adapted from Brady and Gildow, 1939.
Volume: average volume of ejaculate (c.c.)
Spermatozoa per c.m.m.: Average number of spermatozoa per c.m.m. (thousands)
Spermatozoa: average number of spermatozoa per collection (millions)
Motile cells: average percent of motile cells at collection time
pH: average pH at collection time
a

Artificial Insemination
Once the semen is collected and estrus is observed through hormone assays or
visual cues, the female panda is ready to be artificially inseminated. This procedure is
also performed under anesthesia and the subject is placed in a supine position while
elevating her hindquarters. Through the use of a tubular plastic speculum, the cervical os
and urethra are identified. A catheter is placed in the urethra to inhibit misinsertion of the
semen sample. An insemination pipette is then inserted into the cervix. Depending on the
researcher performing the procedure and the visibility of the cervix and uterus due to
swelling or irritation, the semen sample is inserted into the cervical canal or the uterus
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(Masui et al., 1989). Intrauterine insemination is the more desired method; however,
successful inseminations have been reported using both techniques (Masui et al., 1989).
Extensive research concerning giant panda reproduction and the rebuilding of the
diminished population is of upmost concern. Some obstacles faced by pandas include
pandas are monoestrus, panda semen samples tend to be contaminated through the
current method of collection, pandas exhibit varied lengths of gestation,
pseudopregnancies are very common, and the panda may be exposed to phytoestrogens
through their extensive diet of bamboo. The goal of this thesis is to explore and address
those concerns with the hopes of increasing our knowledge related to giant panda
physiology and management.
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CHAPTER III
DETECTION OF ESTROGEN MIMICS IN BAMBOO: INDIRECT
EVIDENCE OF PHYTOSTEROL PRESENCE

Abstract
Bamboos are perennial grasses and members of the family, Poaceae, subfamily
Bambusoideae (Adamson et al., 1978). There are over 1,200 different species found
worldwide with over 400 of these species cultivated in the United States (Calderon and
Soderstrom, 1980). Many animal species are dependent on bamboo as a food source
including the giant panda (Ailuropoda melanoleuca; Edwards et al., 2006), the red panda
(Ailurus fulgens; McClure, 1993), and several species of rat (Gugnani et al., 2004) and
lemur (Tan, 1999). While studies have analyzed the process of digestion of bamboo as a
function of its composition, little information is available concerning the presence of
phytoestrogens in bamboo. Phytoestrogens are naturally occurring, non-steroidal
compounds produced by plants (Limer et al., 2004). They mimic 17β-estradiol, the major
endogenous estrogen in mammals, and have been shown to bind mammalian estrogen
receptors (ER) α and β producing detectable effects (Han et al., 2002). These
characteristics have led to fertility problems in many species that rely on these plants as a
food source (Jefferson et al., 2005). The objective of this study was to determine if
phytoestrogens are present in bamboo. Three species of bamboo, including Phyllostachys
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aurea, P. aureosulcata and P. glauca, which are all major components of captive giant
panda diets in the United States, were examined for the presence of phytoestrogenic
activity using two methods: an estrogen antibody-dependent immunoreactive crossreactivity assay and an estrogen receptor binding assay. The bamboo samples were
collected from growth plots, separated by plant part, and processed (dried, ground and
extracted in 80% methanol) for detection via an estradiol radioimmunoassay (RIA) and
recombinant estrogen receptor α and β competitive binding assay (ERBA). The RIA data
(of concentrated extracts) revealed significant differences (P < 0.05) in immunoreactive
estrogenic activity between the branch, leaf, and culm, with the branch extracts exhibiting
the greatest (P < 0.05) concentrations. No species or seasonal differences (P > 0.05) were
observed. Detection of binding ability to the mammalian ER via ERBA revealed that
although all bamboo parts bound both the ERα and ERβ at various concentrations, the
branch had the greatest (P < 0.05) binding affinity as compared to the leaf and culm at
similar dilutions of concentrated extracts. There was no species or seasonal effect (P >
0.05) observed in this assay. These results present indirect evidence of the presence of
phytoestrogenic mimics in bamboo. Whether phytosterols in bamboo have physiological
relevance to giant panda physiology also remains to be determined.

Introduction
Bamboos, perennial grasses of the family, Poaceae, and subfamily Bambusoideae,
have been an essential source throughout history for common items including: paper,
paper pulp, fishing poles, shades, furniture, building materials and food (Adamson et al.,
1978). While eastern Asian cultures greatly benefit from these household items, bamboo
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represents an indispensable source of food for the herbivorous giant pandas, comprising
95-99% of their diet (Carter et al., 1999; Long et al., 2004; Reid and Hu, 1991). Due to
the significant role that bamboo plays in the diet of the endangered giant panda, it is
imperative that the composition of bamboo is well understood to assist in rebuilding the
panda population. Many studies have been conducted analyzing the nutritional
composition of bamboo; however, the phytoestrogen content of bamboo has not yet been
reported.
Phytoestrogens are a group of naturally occurring, non-steroidal, estrogenic
compounds produced by plants that bear a structural similarity to estradiol-17β and act in
a similar manner (Limer et al., 2004). Phytoestrogens act as a defense mechanism for the
plant and mimic the effects of the endogenous hormone estrogen in mammalian plant
predators. This mechanism enables the plant to negatively impact the fertility of their
predator, thus reducing the number of predators, which in turn reduces the number of
attacks on the plant (Hughes, 1988). Because steroid hormones do not play the same
significant role in plants as they do in animals, plants are able to produce these secondary
compounds without negatively impacting their own fertility. There are many welldocumented cases of this occurrence. The first evidence of decreased fertility rates due to
phytoestrogen exposure was observed in livestock in Western Australia and was titled
“clover disease.” Sheep that ingested subterranean clover (Trifolium subterraneum) for a
prolonged period of time became permanently infertile (Bennetts et al., 1946).
Subterranean clover was later shown to contain up to 5% dry weight of isoflavones, a
class of phytoestrogens (Adams, 1995). In Bos taurus, the domestic cow, infertility was
observed after ingesting alfalfa containing 14-35 ppm coumestrol, another phytoestrogen
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(Moule et al., 1963). Mice (Mus musculus) on a 15-30% Ladino clover diet were infertile
and experienced inhibition of estrus and ovulation (Leavitt and Wright, 1963). In 1976,
Leopold et al. reported that California quail (Lophortyx californicus) were unable to
reproduce after being on a diet of forbs which contained isoflavonoids. Another study
attributed infertility, failure to ovulate and failure of implantation of the embryo in rabbit
(Oryctolagus cuniculus) to exposure to Ladino white clover and Ladino white clover hay
(Wright, 1960). The overarching finding of these studies was a consensus that
phytoestrogens negatively impact the fertility of the described consuming species. These
studies coupled with the current knowledge concerning phytoestrogens raise questions as
to whether phytoestrogens may be present in bamboo. The objective of this study was to
detect the presence of phytoestrogens in bamboo, specifically bamboo species fed to the
pandas housed at the Memphis Zoo. If phytoestrogens are present in bamboo and can
bind mammalian ERα and ERβ, then these compounds may be responsible for the
breeding setbacks experienced by the giant panda.

Materials and Methods
To detect the presence and binding affinity of phytoestrogens in bamboo, a two
part procedure was utilized. In the preliminary data set, five species of bamboo
(Phyllostachys aurea, P. aureosulcata, P. glauca, Pseudosasa japonica, Arundinaria
gigantea) were obtained from four different locations (Browse Farm, Memphis, TN;
Coffeeville, Coffeeville, MS; Atlanta Zoo, Atlanta, GA; and Bud Hill, Memphis, TN).
Samples of branch, culm and leaf were dried in a forced-air oven at 60°C and ground
through a 1 mm screen in a Thomas Wiley Mill (model 4, Thomas Scientific,
36

Swedesboro, NJ). One gram of dried sample was extracted overnight in 10 ml of 80%
methanol. After centrifuging the extracted sample for fifteen minutes at 22°C, the
supernatant was removed and two aliquots were made: one for archiving and one for
testing, both stored at 0°C. A DSL-4800® Ultra-Sensitive Estradiol Radioimmunoassay
Kit (Diagnostic Systems Laboratory, Webster, Texas) was run to detect the presence or
absence of cross-reacting estrogenic compounds with estradiol (1, 3, 4(10)-Estratriene3,17β-diol; E2; see Table 3.1). This procedure was a solid-phase radioimmunoassay
(RIA) in which 125I-labeled estradiol competes with estradiol-like compounds in the
bamboo sample for antibody sites. All standards were run in triplicate, while all unknown
samples were run in duplicate. The standards included: 0, 5, 10, 20, 50, 250 and 750
pg/ml (0.018 to 2.78 nmol/L) estradiol in serum with sodium azide as a preservative.
After 200 µl of each sample was pipetted into the properly-labeled antibody-coated tube,
100 µl of estradiol antiserum was added to all tubes except the non-specific binding
control and the total count control. The samples were covered, vortexed and incubated at
room temperature (~25°C) for an hour. After an hour, 125I-labeled estradiol (100 µl) was
added to each sample, and all tubes were vortexed and incubated at room temperature for
an additional two hours. Precipitating reagent (1 ml) was pipetted into all tubes except the
total count control and the samples were placed at room temperature for 15-20 minutes.
All the samples were then centrifuged for 15-20 minutes at 1500x g, except the total
count control. To aspirate off all tubes except the total count controls, the tubes were
inverted and allowed to drain on absorbent material for 15-30 seconds. All excess
droplets were blotted to increase accuracy of the assay. The amount of radioactivity
retained in the tubes was measured using a Cobra™ II Auto-Gamma® Counter (Packard
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Instrument Company, Waltham, MA). The number produced was measured against a
calibration curve to determine the amount of cross-reactivity present in each concentrated
sample.

Table 3.1
DSL® Estradiol assay specificity used for immunoreactive
estrogen determinations in concentrated bamboo extracts
COMPOUND
Estrone
Estrone-β-D-Glucuronide
Estrone-3-Sulfate
Equilin
d-Equilenin
17α Estradiol
16 Keto Estradiol
17β-Estradiol-3-Glucuronide
Estradiol-3-SO4
Estriol
Testosterone
DHEA
Diethyl Stibesterol
17βE2-17-Glucuronide

% CROSS-REACTIVITY
2.40
0.20
0.01
0.34
3.40
0.21
0.21
2.56
0.17
0.64
ND
ND
ND
ND

ND = Non-Detectable = < 0.01%

A positive result from the estradiol RIA confirmed the presence of cross-reactive
compounds and led to the second part of the procedure, detection of binding ability of
these estrogen-like compounds to mammalian ER using a recombinant estrogen receptor
α and β competitive binding assay (ERBA; Invitrogen, Carlsbad, California). All
samples, including the methanol and estradiol controls, were run in triplicate. Serial
dilutions (1:10, 1:100, 1:1000) of each concentrated bamboo sample were prepared and
50 μl of each dilution was added to its respective tube. Respective α (28.5 μl) and β (15.0
38

µl) receptor was combined with a fluorescent ligand (6.25 µl) and was added to each
unknown being tested. Bamboo samples with a high concentration of estrogen-like
compounds competed for all the ER, which released the fluorescent ligand leading to
complete saturation of the receptors and a low numerical millipolarization reading. In
contrast, bamboo dilutions with a low concentration of estrogen-like compounds have a
low amount of binding leading to more ligand/receptor binding and a high numerical
millipolarization reading. Three dilutions were used in the ERBA to visualize the levels
of complete saturation of ER, mid-level binding, and no binding.
After running a preliminary data set to determine if there were any plant part,
species, harvest date or location differences, the study became more focused on
Phyllostachys aurea, P. aureosulcata and P. glauca. These species represent a majority
of the giant panda’s diet at the Memphis Zoo. The newly obtained branch, culm, leaf and
shoot samples of the selected species were obtained from Browse Farm (Memphis, TN),
Bud Hill (Memphis, TN), Coffeeville (Coffeeville, MS), Ducksworth (Memphis, TN) and
Goldsby (Memphis, TN). The samples were extracted in the same manner as the previous
samples. A Coat-a-Count® Estradiol RIA kit (Siemens Medical Solutions Diagnostics,
Los Angeles, California; see Table 3.2) was run on the new samples. A different kit was
used to accommodate laboratory needs. All bamboo samples from the preliminary data
set and the more focused data set were analyzed using the kit from Siemens Medical
Diagnostics to minimize variation (see Appendix C). The standards differed from the
previous kit and included: 0, 20, 50, 150, 500, 1800 and 3600 pg/ml estradiol in
processed human serum. All standards were run in triplicate while unknown samples
were run in duplicate. To run this assay, 100 µl of each standard and unknown was
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placed in corresponding tubes. 125I-labeled estradiol (1.0 ml) was added to each tube. All
tubes were covered, vortexed and incubated for 18 hours. Following incubation, all the
liquid in the tubes was aspirated off and the tubes were read for one minute in a gamma
counter. While the protocol was slightly different than the DSL-4800® kit, the gamma
counter measured the same crossreactivity in both kits. After measuring the levels of
immunoreactive estrogens present in each new sample, an ERBA (Invitrogen, Carlsbad,
California) was run using the same protocol that was previously described (bamboo
extracts at dilutions 1:250, 1:1000) on the bamboo extracts that were used for the focused
data set. These dilutions appeared to depict optimal dilutions to represent mid-level
binding as well as no binding.

Table 3.2
Coat-a-Count® Estradiol assay specificity used for immunoreactive estrogen
determinations in concentrated bamboo extracts
COMPOUND
Estrone
Estrone-β-D-Glucuronide
Estrone-3-Sulfate
Equilin
d-Equilenin
17α Estradiol
17β-Estradiol-3-Glucuronide17-sulfate
β-Estradiol-17β-D-glucuronide
17β-Estradiol-3-monosulfate
Β-Estradiol 17-propionate
Estriol
Testosterone
Cortisol
DHEA

% CROSS-REACTIVITY
10.0
1.80
0.58
0.80
4.40
ND
ND
ND
0.29
0.70
0.32
0.001
ND
0.001

ND = Non-Detectable = < 0.01%
40

Statistical Analysis
For the estradiol RIA, bamboo samples were run in duplicate. Assay sensitivity
for the DSL-4800® E2 Kit was 2.2 pg/ml. Assay sensitivity for the Coat-a-Count® E2
Kit (Siemens Medical Solutions Diagnostics) was 8 pg/ml and the intra- and inter-assay
coefficients of variation were 6.106% and 9.515% respectively. The pg/ml reading
produced by the gamma counter was converted to pg/g using the amount of dried sample
originally extracted, the amount of methanol used to extract, and the amount of
supernatant retrieved after centrifuging. After running a UNIVARIATE Procedure in
Statistical Analysis Software (SAS), the pg/g values were log transformed to fit
assumptions of normality, and the log mean values were analyzed using the GLM
Procedure in SAS. Seven values were eliminated from the data set because they were
greater than 3 standard deviations from the mean (see Appendix D; Ott and Longnecker,
2001). Data are expressed as mean ± standard error of the mean (SEM) as well as the log
mean ± SEM. A probability of P < 0.05 was considered to be statistically significant. The
values were compared by plant part, species, season, species by plant part, plant part by
species and location. Because it has been well-established in the literature that soybeans
(Glycine max) contain isoflavones, soy plants were separated and extracted in the same
method as the bamboo samples. Individually, the soy leaves, stalks and beans were run as
a control. In addition, white clover, which can have negative effects on wildlife species,
was utilized as a control because it contains low levels of isoflavones (0.02-0.06% dry
matter) as well as very low levels of coumestrol (Saloniemi et al., 1995).
For the ERBA, bamboo samples were run in triplicate with 1 mM of estradiol
extracted in 80% methanol and 80% methanol used as the positive and negative controls,
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respectively. Soybeans, leaves, stalks and white clover were also used as positive
controls. After determining normality using the UNIVARIATE Procedure, the
millipolarization values were analyzed using the GLM Procedure in SAS. Data are
expressed as mean ± SEM while a probability of P < 0.05 was considered to be
statistically significant.

Results
The preliminary estradiol RIA results reported significant differences (P < 0.05)
between plant part, with the bamboo leaf (722.20 ± 413.59 pg/g) having the highest
concentration of immunoreactive estrogens as compared to branch (577.56 ± 25.01 pg/g)
and culm (401.29 ± 31.99 pg/g; see Table 3.3). Additionally, in the preliminary data set,
there was no significant difference between species, harvest location or season in the
preliminary data set. Detection of binding ability to the mammalian ER via ERBA in the
preliminary data set revealed that although compounds in all bamboo parts bound both
the ERα and ERβ at various concentrations, the leaf tissue had the greatest binding
affinity (P < 0.05) as compared to the branch and culm at similar dilutions of
concentrated extracts (see Figure 3.1).
Using an estradiol RIA, the expanded data set including Phyllostachys aurea, P.
aureosulcata and P. glauca reported a significantly greater (P < 0.05) amount of
immunoreactive estrogens in branch extracts (6110.16 ± 495.04 pg/g) than culm extracts
(4735.83 ± 529.25 pg/g; see Table 3.4). No difference (P > 0.05) was observed with the
leaf (5800.62 ± 576.98 pg/g) or shoot extracts (4740.30 ± 234.00 pg/g). When compared
between species and season, no differences (P > 0.05) were observed (see Appendix E).
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Table 3.3
Comparison of levels of immunoreactive estrogens as measured by RIA* by mean
between plant parts: preliminary data set
Plant part

n
35

Immunoreactive
estrogens (pg/g)
577.56b

Standard
error
25.01

Branch
Culm

36

401.29c

31.99

Leaf

34

722.20a

70.93

Values reflect a pooled average of all bamboo species (Phyllostachys aurea, P.
aureosulcata, P. glauca, Pseudosasa japonica, Arundinaria gigantea), harvest locations
(Browse Farm, Coffeeville, Atlanta Zoo, Bud Hill) and dates (2003-2008)
Letters a, b, and c denote a significant difference (P < 0.05)
*DSL-4800® Ultra-Sensitive Estradiol Radioimmunoassay Kit (Diagnostic Systems
Laboratory, Webster, Texas)
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Figure 3.1 Estrogen receptor binding assay analyzing the preliminary data set:
comparison by bamboo plant part (all species pooled: Phyllostachys aurea,
P. aureosulcata, P. glauca, Pseudosasa japonica, Arundinaria gigantea).
Panel A displays results from ERα assay. Panel B displays results from ERβ assay.
Letters a through b denote significant differences (P < 0.05) between plant part.
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Table 3.4
Comparison of levels of immunoreactive estrogens as measured by RIA* by mean
between plant parts
Plant part

n
60

Estrogens
(pg/g)
6110.16

Standard
error
495.04

Transformed
values
8.53a

Standard
error
0.080

Branch
Culm

64

4735.83

529.25

8.18b

0.095

Leaf

89

5800.62

576.98

8.33ab

0.085

Shoot

33

4740.30

234.00

8.42ab

0.053

Values reflect a pooled average of all bamboo species (Phyllostachys aurea, P.
aureosulcata, P. glauca), harvest locations (Browse Farm, Bud Hill, Coffeeville,
Ducksworth, Goldsby) and dates (2003-2008)
Letters a and b denote a significant difference (P < 0.05)
Estrogens = immunoreactive estrogens
Transformed values = logarithmic mean
*Coat-a-Count® Estradiol RIA kit (Siemens Medical Solutions Diagnostics, Los Angeles,
California)

Significant differences (P < 0.05) of levels of immunoreactive estrogens were only
observed between two harvest locations. Bamboo samples obtained from the Ducksworth
location in Memphis, TN (7726.68 ± 2719.56 pg/g) had a greater amount (P < 0.05) of
immunoreactive estrogens as compared to Coffeeville, MS (2744.67 ± 609.36 pg/g; see
Table 3.5). The data was also analyzed by plant part within species. A significant
difference (P < 0.05) was indicated between P. aurea branch (7594.47 ± 1360.37 pg/g),
culm (4135.92 ± 476.66 pg/g) and leaf (4474.39 ± 686.54 pg/g; see Table 3.6). No
differences (P > 0.05) were found between plant parts of P. aureosulcata. P. glauca had
significant differences (P < 0.05) between culm (3868.52 ± 472.70 pg/g) and leaf
(7664.80 ± 1528.98 pg/g; see Table 3.6), but not branch. When analyzed by differences
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between species for each part, there was no difference between branch, culm, and shoot;
however, the leaves of P. aureosulcata (6405.14 ± 1007.23 pg/g) and P. glauca (7664.80
± 1528.98 pg/g) both had significantly greater amount (P < 0.05) of immunoreactive
estrogens as compared to leaves of P. aurea (4474.39 ± 686.54 pg/g; see Table 3.7).

Table 3.5
Comparison of levels of immunoreactive estrogens as measured by RIA* by mean
between harvest locations
Harvest location

n
142

Estrogens
(pg/g)
4883.68

Standard
error
346.68

Transformed
values
8.23ab

Standard
error
0.060

Browse Farm
(Memphis, TN)
Bud Hill
(Memphis, TN)

6

6484.89

2149.28

8.43ab

0.395

Coffeeville
(Coffeeville, MS)

7

2744.67

609.36

7.76b

0.234

Ducksworth
(Memphis, TN)

6

7726.68

2719.56

8.75a

0.250

Goldsby
(Memphis, TN)

3

5771.87

1011.68

8.63ab

0.167

Values reflect a pooled average of all bamboo species (Phyllostachys aurea, P.
aureosulcata, P. glauca), plant parts (branch, culm, leaf, shoot) and dates (2003-2008)
Letters a, b, and c denote a significant difference (P < 0.05)
Estrogens = immunoreactive estrogens
Transformed values = logarithmic mean
*Coat-a-Count® Estradiol RIA kit (Siemens Medical Solutions Diagnostics, Los Angeles,
California)
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Table 3.6
Comparison of levels of immunoreactive estrogens as measured by RIA* by mean
between plant parts for each species
Species

P. aurea

Plant
part
Branch

n
15

Estrogens
(pg/g)
7594.47

Standard
error
1360.37

Transformed
values
8.75a

Standard
error
0.161

Culm

20

4135.92

476.66

8.14b

0.159

Leaf

37

4474.39

686.54

8.09b

0.124

Branch

24

5821.65

643.56

8.51

0.122

Culm

25

5874.92

1233.35

8.28

0.179

Leaf

38

6405.14

1007.23

8.45

0.122

Shoot

16

4759.96

150.73

8.46

0.031

Branch

21

5379.66

696.95

8.41ab

0.138

Culm

19

3868.52

472.70

8.10b

0.144

Leaf

14

7664.80

1528.98

8.61a

0.248

Shoot

17

4721.79

438.73

8.38ab

0.100

P. aureosulcata

P. glauca

Values reflect a pooled average of harvest locations (Browse Farm, Bud Hill, Coffeeville,
Ducksworth, Goldsby) and dates (2003-2008)
Letters a and b denote a significant difference (P < 0.05) between plant part within each
species
Estrogens = immunoreactive estrogens
Transformed values = logarithmic mean
* Coat-a-Count® Estradiol RIA kit (Siemens Medical Solutions Diagnostics, Los
Angeles, California)
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Table 3.7
Comparison of levels of immunoreactive estrogens as measured by RIA* by mean
between species for each plant part
Plant
part

Branch

Culm

Leaf

Species

n

Estrogens Standard
(pg/g)
error
7594.47 1360.37

Transformed
values
8.75

Standard
error
0.161

P. aurea

15

P. aureosulcata

24

5821.65

643.56

8.51

0.122

P. glauca

21

5379.66

696.95

8.41

0.138

P. aurea

20

4135.92

476.66

8.14

0.159

P. aureosulcata

25

5874.92

1233.35

8.28

0.179

P. glauca

19

3868.52

472.20

8.10

0.144

P. aurea

37

4474.39

686.54

8.09a

0.124

P. aureosulcata

38

6405.14

1007.23

8.45b

0.122

P. glauca

14

7664.80

1528.98

8.61b

0.248

P. aureosulcata

16

4759.96

150.73

8.46

0.031

P. glauca

17

4721.79

438.73

8.38

0.100

Shoot

Values reflect a pooled average of harvest locations (Browse Farm, Bud Hill, Coffeeville,
Ducksworth, Goldsby) and dates (2003-2008)
Letters a and b denote a significant difference (P < 0.05)
Estrogens = immunoreactive estrogens
Transformed values = logarithmic mean
*Coat-a-Count® Estradiol RIA kit (Siemens Medical Solutions Diagnostics, Los Angeles,
California)
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The values obtained for the bamboo samples from the estradiol RIA were much
lower than the soybean control (86840.13 ± 2995.05 pg/g) and the white clover control
(22526.70 ± 1617.70 pg/g). The results from the soy seed (4104.38 ± 344.63 pg/g), soy
stalks (1367.59 ± 812.56 pg/g) and soy leaves (4510.50 ± 216.9 pg/g) were in a similar
range to the levels of immunoreactive estrogens in the bamboo samples (data not shown).
Results of the ERBA were different for the preliminary data set and the expanded
data set. At the 1:250 dilution, branch (198.42 ± 9.30 mPV) had a significantly greater (P
< 0.05) binding affinity than culm (220.27 ± 6.60 mPV) for ERα. While branch had a
greater binding affinity for ERα than leaf (208.44 ± 7.00 mPV) and shoot (202.66 ±
6.15), there was no significant difference (P > 0.05). At the 1:1000 dilution for α ERBA,
the branch (250.63 ± 4.73) had a significantly greater (P < 0.05) binding affinity than
culm (261.55 ± 2.63) and leaf (262.12 ± 3.44 mPV). This dilution did not indicate any
difference in binding affinity for shoot (252.03 ± 3.27 mPV; see Figure 3.2). The β
ERBA indicated no significant differences (P > 0.05) between bamboo plant parts at the
1:250 dilution. At the 1:1000 dilution, the shoot (255.06 ± 2.00 mPV) had a significantly
greater (P < 0.05) binding affinity than culm (263.14 ± 2.04 mPV), while branch (257.80
± 2.83 mPV) and leaf (261.15 ± 2.54 mPV) had no significant difference (P > 0.05; see
Figure 3.2). There was no species or seasonal difference (P > 0.05) for ERα or ERβ at
either dilution (see Appendix F). When analyzed by individual species, there was no
significant difference (P > 0.05) for ERα or ERβ between species branch, culm or shoot;
however, P. glauca leaf had a greater (P < 0.05) binding affinity for ERα than P. aurea
leaf at both dilutions and had a greater (P < 0.05) binding affinity than P. aureosulcata
leaf only at the 1:1000 dilution (see Figure 3.3). The ERBA revealed P. glauca leaf had a
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Figure 3.2 Estrogen receptor binding assay analyzing the expanded data set: comparison
by bamboo plant part (all species pooled: Phyllostachys aurea, P.
aureosulcata, P. glauca).
Panel A displays results from ERα assay. Panel B displays results from ERβ assay.
Letters a through b denote significant differences (P < 0.05) between plant part. The n for
each plant part is listed at the bottom of each bar.
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Figure 3.3 Estrogen receptor α binding assay analyzing the expanded data set:
comparison by species according to bamboo plant part.
Panel A displays binding of branch extracts to ERα. Panel B displays binding of culm
extracts to ERα. Panel C displays binding of leaf extracts to ERα. Panel D displays
binding of shoot extracts to ERα. Letters a through b denote significant differences
(P < 0.05) between species. The n for each species is listed at the bottom of each bar.
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greater (P < 0.05) binding affinity for ERβ than both P. aurea leaf and P. aureosulcata
leaf at both dilutions (see Figure 3.4). When analyzed by plant part for each species, P.
aurea branch had a significantly greater (P < 0.05) binding affinity for ERα than P. aurea
leaf with no significant difference (P > 0.05) for culm at either dilution (see Figure 3.5).
There was no significant difference (P > 0.05) in binding ability for ERβ at either
dilution. P. aureosulcata had no significant difference (P > 0.05) between plant part at
the 1:250 dilution; however, at 1:1000, P. aureosulcata branch (245.25 ± 9.06 mPV) had
a significantly greater (P < 0.05) binding affinity for ERα than P. aureosulcata leaf
(267.19 ± 4.57 mPV) with no significant differences (P > 0.05) for culm (260.03 ± 5.21
mPV) or shoot (258.24 ± 2.97 mPV; see Figure 3.5). There was no difference (P < 0.05)
in binding ability at either dilution for ERβ. At the 1:250 dilution, P. glauca leaf (180.84
± 17.92 mPV) had a significantly greater (P < 0.05) binding affinity for ERα than P.
glauca culm (237.34 ± 11.9 mPV) while there was no significant difference (P > 0.05)
for P. glauca branch (218.60 ± 15.5 mPV) or P. glauca shoot (194.63 ± 10.64 mPV; see
Figure 3.5). There were no differences (P > 0.05) for ERα at the 1:1000 dilution. The β
ERBA at the 1:250 dilution reported P. glauca leaf (186.66 ± 15.36 mPV) had a
significantly greater (P < 0.05) binding affinity than P. glauca culm (243.94 ± 11.21
mPV) and P. glauca branch (229.51 ± 13.86 mPV). At the 1:1000 dilution, P. glauca leaf
(246.83 ± 5.83 mPV) had a significantly greater (P < 0.05) binding affinity than branch
(264.90 ± 4.48 mPV) and culm (265.68 ± 3.71 mPV; see Figure 3.5).
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Figure 3.4 Estrogen receptor β binding assay analyzing the expanded data set:
comparison by species according to bamboo plant part.
Panel A displays binding of branch extracts to ERβ. Panel B displays binding of culm
extracts to ERβ. Panel C displays binding of leaf extracts to ERβ. Panel D displays
binding of shoot extracts to ERβ. Letters a through b denote significant differences
(P < 0.05) between species. The n for each species is listed at the bottom of each bar.
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Figure 3.5 Estrogen receptor binding assay analyzing the expanded data set: comparison
by part for each species.
Panel A and B display binding of ERα and ERβ for each plant part for Phyllostachys
aurea. Panel C and D display binding of ERα and ERβ for each plant part for
P. aureosulcata. Panel E and F display binding of ERα and ERβ for each plant part for
P. glauca. Letters a through b denote significant differences (P < 0.05) between plant
part. The n for each plant part is listed at the bottom of each bar.
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The bamboo samples appeared to differ in binding ability for ER when compared
with the soy controls. Overall, compounds in bamboo appeared to have a greater binding
affinity for ERα than soy; whereas, soy had a greater binding affinity for ERβ than
bamboo. White clover had the greatest binding affinity (1:250 dilution) for ERα in
relation to the other controls; while the soybean had the greatest binding affinity (1:250
dilution) for ERβ (see Appendix G).

Discussion
Phytoestrogens are naturally occurring, non-steroidal, estrogenic plant-products
that can mimic the effects of the endogenous hormone estrogen (E2) due to structural
homology (Limer et al., 2004). This similarity allows phytoestrogens to bind with
estrogen receptors and activate transcription leading to both positive and negative effects
on fertility and development in humans and animals (Chapin et al., 1996; Mense et al.,
2008). The mechanism and known effects of phytoestrogens led to the development of
this study designed to determine whether phytoestrogens could be playing a role in the
fertility and reproduction of the herbivorous giant panda. Multiple species of bamboo
were analyzed for the presence of immunoreactive estrogens and the binding ability of
these compounds to mammalian ERα and ERβ.
The estradiol RIA revealed presence of immunoreactive estrogens in bamboo
extracts and the competitive ERBA reported that these compounds have the ability to
bind mammalian ERα and ERβ. Thus pandas, who consume extremely large quantities of
bamboo daily, could be exposed to the influences of phytoestrogens. The estradiol RIA
revealed differences in immunoreactive estrogen concentration based on plant part, with
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the branch having the greatest concentration. The high levels of immunoreactive
estrogens found in the branch extracts were not affected by species, season or harvest
location. While this information is relevant for analytical purposes, this finding does not
directly impact the giant panda because they do not consume branches. Observational
studies of pandas in the wild reported that in the summer (July through September),
pandas primarily consume leaves presumably due to their high concentration of digestible
energy and crude protein. In the winter (October through March), pandas consume leaves
and culm, while in spring (April through June) pandas eat culm and shoots (Schaller et
al., 1985). A study conducted at the Memphis Zoo recorded plant part preference for
pandas in captivity and reported similar results in dietary shift at different times (Hansen
et al., 2009). From June to December, pandas prefer leaf; in February through May, both
the male and female pandas being observed switched to consuming culm (Hansen et al.,
2009). These studies both report that pandas consume culm, leaf, and shoot throughout
the year. While branch contains the highest level of immunoreactive estrogens, all plant
parts do contain compounds capable of crossreacting with estrogenic antibody sites.
Differences in levels of immunoreactive estrogens were also reported when each
individual species was analyzed by plant part, with P. aurea branch containing the
greatest concentration of estrogens as compared to P. aurea culm and P. aurea leaf.
These differences could not be attributed to harvest location because 90% of the P. aurea
samples were harvested from the Memphis Zoo Browse Farm location. The samples also
did not appear to be affected by harvest date. P. glauca was shown to have high levels of
immunoreactive estrogens present in leaf extracts. Harvest location could not be
attributed for these elevated levels because many of the samples were from
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unsubstantiated locations or a mix of multiple locations in the Memphis area. The
samples containing the greatest levels of immunoreactive estrogens appeared to be
harvested throughout the entire year meaning that there was no seasonal effect. The only
difference that was indicated when comparing specific plant part by species was for P.
aureosulcata leaf and P. glauca leaf which both had greater levels of immunoreactive
estrogens as compared to P. aurea leaf. Analysis showed no correlation with respect to
season or harvest location.
When evaluating the levels of immunoreactive estrogens in bamboo in relation to
the soy controls, it appears that soybeans and white clover have much higher levels per
dry weight of estrogenic compounds present. This comparison provides insight into how
bamboo compares to well-documented plants containing isoflavones and coumestrol;
nevertheless, bamboo may contain different crossreactive compounds than soy plants and
white clover. Other phytoestrogen detection methods are required to determine the
difference in composition of the bamboo and the controls.
The results of the estradiol RIA indicate that compounds in bamboo are capable
of crossreacting with estrogenic antibody sites; however, these finding could also be
attributed to non-specific binding. To test the bamboo samples for this occurrence, three
other steroid hormone radioimmunoassays were conducted on a subset of 104 samples.
The three RIAs included cortisol, progesterone and testosterone (Coat-a-Count® RIA kits,
Siemens Medical Solutions Diagnostics, Los Angeles, California). The samples did not
appear to have any cortisol-like compounds present; however, crossreactivity was
detected in the progesterone and testosterone RIA (see Appendix H). After analyzing
these RIA results, there were not any prominent trends in differences between species or
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bamboo plant part. Further investigation is required to fully understand the role that
progesterone-like and testosterone-like compounds play in bamboo as well as panda
nutrition.
The presence of immunoreactive estrogens in bamboo raised the question of the
physiological relevance these estrogenic compounds had for the giant panda. An average
dosage of phytoestrogenic compounds was calculated using an estimated amount of
bamboo consumed daily (up to 6% dry matter; Dierenfeld et al., 1982), the average body
weight (BW) of the pandas (male: 100 kg; female: 80 kg) and the percentage of leaf and
culm consumed on average (see Appendix I). In November, when the male panda
consumes the greatest amount of leaf, the subject consumes approximately 0.00034
mg/kg BW daily of potentially immunoreactive estrogens. In March, when the male
consumes the greatest amount of culm, the subject ingests approximately 0.00029 mg/kg
BW of potentially immunoreactive estrogens every day. The female consumes the
greatest amount of leaf during October. In this month, the subject consumes
approximately 0.00034 mg/kg BW per day of potentially immunoreactive estrogens;
while in April, when the diet is primarily culm, the subject ingests approximately 0.00029
mg/kg BW daily of potentially immunoreactive estrogens. When comparing these values
with the literature, these doses appear much lower than the values found to impact
fertility and/or reproduction. Setchell et al. (1987) analyzed the diet of cheetahs and
concluded that the fertility setbacks that plague this species can be attributed to the daily
consumption of approximately 50 mg of daidzein and genistein. Using the average
weight of cheetahs, this dose was equivalent to consuming between 0.7812 mg/kg BW to
1.3889 mg/kg BW daily. Hughes et al. (1991) reported that when ovariectomised rats
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were injected with 0.1 mg/kg BW intravenously with phytoestrogens that LH
concentrations were decreased. Jefferson et al. (2005) reported that pre-pubertal mice
receiving a daily subcutaneous injection of 0.5 mg/kg BW of phytoestrogens showed
signs of puberty earlier than the control mice. While these other studies focus on higher
doses of phytoestrogens, the direct impact that low doses of these compounds has on the
giant panda still needs to be determined.
The ERBA reported that the branch had the greatest binding affinity for ERα
while there was no difference in binding ability of plant part for ERβ. As previously
discussed, pandas do not consume the branch of bamboo; however, culm, leaf, and shoot
all contain immunoreactive estrogens and bind to mammalian ERα and ERβ. According
to our findings, the dietary shift in plant part preference of the pandas housed at the
Memphis Zoo is not due to immunoreactive estrogen content or ER binding ability
because no seasonal differences were observed. The ERBA also reported binding ability
differences between the leaves of each species; specifically P. glauca had the greatest
binding ability as compared to the other species. The difference could not be correlated
with harvest location because many of the P. glauca samples were collected from around
the Memphis area and unknown locations. The bamboo samples were harvested on
varying dates throughout the year with no differences observed eliminating the possibility
of seasonal differences.
On average, the bamboo extracts bound ERα with a greater affinity than to ERβ.
Because different phytoestrogens bind ERα and ERβ with different affinities, this piece
of information can provide insight into the type of phytoestrogen present in bamboo. The
amino acid sequence for ERα and ERβ show that the DNA binding domain for both
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receptors are very similar (96%); however, only 58% similarity exists in the C- terminal
ligand binding domain (Patisaul and Whitten, 1999). In general, isoflavones tend to bind
ERβ greater than ERα (Morito et al., 2001), which may explain the stronger binding
ability of the soy control to ERβ. The binding affinity of a select group of phytoestrogens
for ERα from greatest estrogenic potency to least is as follows: estradiol >> zearalenone
= coumestrol > genistein > daidzein > apigenin = phloretin > biochanin A = kaempferol =
naringenin > formononetin = ipriflavone = quercetin = chrysin. This differs from ERβ:
estradiol >> genistein = coumestrol > zearalenone > daidzein > biochanin A = apigenin =
kaempferol = naringenin > phloretin = quercetin = ipriflavone = formononetin = chrysin
(Kuiper et al., 1998). Understanding the binding ability of various phytoestrogenic
compounds to ERα and ERβ can aid in the process of characterizing estrogenic
compounds in bamboo.
Overall, these results indicate that phytoestrogens may be present in the three
species of bamboo examined here, Phyllostachys aurea, P. aureosulcata and P. glauca,
which are primarily consumed by the pandas at the Memphis Zoo. The presence of
phytoestrogens could contribute to the reproductive problems that the pandas in
Memphis, as well as other North American zoos, have encountered. The male and female
panda housed at the Memphis Zoo have not had a successful copulation, which may be
attributed to exogenous hormones present in bamboo. In addition, the female has been
artificially inseminated during two consecutive estrous cycles and has not been able to
maintain a successful pregnancy. While this could be attributed to many different factors,
hormonal compounds present in the daily diet could be a possible cause. Counter to this
is the fact that pandas do reproduce in captivity in China and in the wild, and compound
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ecological issues have likely been the primary result of declining panda populations:
habitat encroachment by humans, bamboo flowering events, the panda’s seasonally
monoestrus reproductive physiology, etc. Current studies being conducted at Mississippi
State University using high performance liquid chromatography are designed to further
characterize these compounds. Bioassays will also be conducted to determine the
physiological relevance of these estrogenic compounds to the giant panda. Analysis of
other species of bamboo used as a food source for captive pandas throughout the world
would also provide more insight into this area of study.

Conclusions
While the population of the giant panda has slowly increased over the past twenty
years, this species is still in danger of extinction. Low reproductive rates in captivity and
habitat destruction are the main causes of this slow population recovery. In order to aid in
the conservation of the panda, every aspect of their lives must be studied and analyzed.
This includes but is not limited to diet, habitat, behavior, and reproduction. Analysis of
the panda’s exclusive diet of bamboo indicated the presence of secondary estrogenic
compounds through RIA and ERBA. It appears that the giant panda consumes low levels
of these phytoestrogenic compounds; however, even at a low dose, these compounds may
be negatively affecting the reproduction rates of the pandas consuming these specific
species of bamboo. Further studies are being conducted to identify these compounds and
their physiological impact on the panda. Insight into the effects of phytoestrogens in
bamboo is crucial to the continued conservation efforts for the giant panda.
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CHAPTER IV
DEVELOPMENT OF A NON-INVASIVE METHOD OF SEMEN
COLLECTION UTILIZING CHEMOSENSORY CUES IN THE
GIANT PANDA (AILUROPODA MELANOLEUCA)

Abstract
With a mere 1,600 giant pandas (Ailuropoda melanoleuca) worldwide, pandas are
currently at a critical risk of extinction (Ellis et al., 2006). They are the only bear species
to be categorized as endangered by the International Union for the Conservation of
Nature and Natural Resources (Ramsay, 2006). Studies promoting reproductive success
of the panda are of utmost importance. The most widely used method for assisted
reproduction in animals is artificial insemination (AI; Fickel et al., 2007), which often
utilizes an electroejaculator to provide semen for this procedure. Semen collected using
this method is a very beneficial and successful technique; however, it has disadvantages
and limitations. Electroejaculation is an invasive procedure and yields samples that have
a low sperm count and are often contaminated with urine (Brady and Gildow, 1939; Platz
et al., 1983; Cary et al., 2004). We propose that use of an artificial vagina (AV) will
result in less contaminated, higher quality semen samples and induce less stress on the
male panda leading to greater artificial reproductive success for the captive giant panda.
Coupling the AV with chemosensory and/or visual cues may improve the use of this
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method of semen collection. The initial objective of this study was to determine if the
male panda (subject M466) housed at the Memphis Zoo (Memphis, TN) could
distinguish a difference between female panda estrus urine and deionized water. A
secondary, more specific objective was to determine if the subject could differentiate
female estrus urine collected at different time points throughout the estrous cycle. The
results from this study would aid in establishing an approach to using strong
chemosensory cues for AV strategies. During an initial two-week trial, the male subject
was presented with two wood (fir) boards daily with one board containing urine while the
other board contained deionized water. The day of ovulation, referred to as day 0, was
determined by analyzing urinary estrogen and progesterone levels. Urine was obtained
ranging from day-28 to day+7, and one sample was presented to the male subject M466
daily. Preliminary results revealed that the male subject showed elevated interest in panda
estrus urine, specifically for day-3 urine. During subsequent trials the male panda
displayed no interest in the sample board coated in urine or deionized water. These
results need further testing to confirm or refute the findings of trial 1. However, based on
the results of the initial chemosensory study, day-3 estrus urine was used to attract the
male subject to the AV. The initial presentation (May 22, 2008) of subject M466 with the
AV was unsuccessful. The subject did not approach or investigate the AV. Subsequent
introductions of the AV will be required to test the value of an AV in semen collection in
the giant panda.
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Introduction
According to the World Conservation Union, there are currently 16,119 animal
and plant species that are threatened with extinction (Fickel et al., 2007). Numerous
causes can be cited for the condition of these species including: devastation of habitats by
human development (Hell et al., 2005), intentional and unintentional introduction of new
species into foreign environments (Pitra et al., 2005; Pitra and Lutz, 2005; Serrano et al.,
2005; Cirovic, 2006), hunting and other human-induced stressors (Ludwig et al. 2002a,
2003; Fickel et al., 2005; Nilsen and Solberg, 2006; Pitra et al., 2006), environmental
pollutants (Potts, 2005; Kierdorf and Kierdorf, 2005; Sabocanec et al., 2005), diseases
(Hartley and English, 2005), global warming (Sanz-Elorza et al., 2003), and declining
resources (Said et al., 2005; Fickel et al., 2007). Captive breeding programs are an
essential tool to fight population declines and ultimately extinction. Unfortunately, in
many cases, reproduction fails in captivity and assisted reproductive technologies (ART)
must be employed. Currently, artificial insemination (AI) offers great practical benefits
and thus has become the most widespread method of assisted reproduction in captive
animals (Fickel et al., 2007). The ability to artificially inseminate animals may offer hope
in the enduring battle to preserve endangered species (Mattson et al., 2007).
One species that struggles with reproducing in captivity is the giant panda. The
future of the panda is uncertain with a population of approximately 1,600 wild and 241 ex
situ individuals (Ellis et al., 2006). Research facilities utilize AI to aid in increasing the
number of pandas in captivity. During this procedure, an electroejaculator is used to
collect semen from the male panda. Using a well-lubricated rectal probe (ranging from 33
to 56.5 cm long and 3 to 4.5 cm in diameter) equipped with 3 to 8 annular electrodes
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measuring 1 cm in diameter, the device is inserted approximately 35 cm into the rectum.
Through the use of a multimeter stimulator, an alternating current (50 to 60 Hz) is
administered paired with an isolated current. The stimulation increases from 0 V and lasts
for three seconds to determine an ideal voltage, which is indicated by the extension of the
male’s rear leg or the slight adduction of the subject’s hind feet. Once an ideal voltage is
established, the same stimulation is continued ten times in 2 to 3 second intervals.
Voltage is increased by 1 V every stimulation after the initial ten or if the subject
becomes refractory (Platz et al., 1983; Tsutsui et al., 2006). Despite efforts to drain the
bladder with a catheter prior to the procedure, many samples are contaminated with urine
(Brady and Gildow, 1939; Platz et al., 1983; Cary et al., 2004).
Urine contamination and abnormal sperm motility in semen collected using
electroejaculation is a common problem among many species (Brady and Gildow, 1939;
Cary et al., 2004). To overcome this obstacle, an artificial vagina (AV) can be utilized.
Semen that is collected with an AV more closely resembles semen delivered during
normal coitus which is evident by a higher sperm count and more motile sperm collected
in each sample (see Table 2.1; Brady and Gildow, 1939; Howard, 1993). An AV, which
uses thermal and mechanical stimulation to stimulate ejaculation, is composed of a tube
with an outer rubber lining that will hold water. A well-lubricated inner liner is placed
inside the tube just prior to use. The outer liner is filled and pressurized with water at 42
to 48°C. To collect semen, the male is allowed to mount the AV, and the penis is diverted
into the collection tube where ejaculation occurs. This process usually requires human
assistance and training of the animal. In the case of the giant panda, human assistance
during the introduction of an AV must be limited due to the safety of the panda as well as
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the zoo keepers. In order to attract the male panda to properly mount the AV, female
estrus urine can be placed on the AV since it has been well established that chemical cues
play a significant role in controlling mammalian social and reproductive behavior
(Bronson, 1989; Johnston, 1990; Swaisgood et al., 1999). Chemical signals are important
for locating and selecting a mate, physiological and motivational synchrony between
males and females, and determining female reproductive condition (Macdonald, 1985;
Johnston, 1990; Ziegler et al., 1993; Rasmussen and Schulte, 1998; Swaisgood et al.,
2002). Swaisgood et al. (1999, 2002) has shown that chemosensory cues play a
significant role in panda reproduction. Through simultaneous choice tests, these studies
reported that male pandas express an increased interest in female estrus urine as opposed
to non-estrus urine (Swaisgood et al., 2002). Determining what days of post-estrus
collected urine will strongly attract the male subject may aid in the successful
introduction of the panda AV for semen collection. The objective for this study include
determining if the male subject would express elevated interest, as determined by
behaviors, in specific days of female estrus. If the subject does express elevated interest
in estrus urine and does successfully mount the AV, then this breakthrough may be a
more efficient method of semen collection.

Materials and Methods
The initial objective was to emulate previous chemosensory trials (Swaisgood et
al., 1999, 2002, 2003) to determine if the male subject at the Memphis Zoo would show a
preference for female estrus urine vs. a standard (deionized water). The secondary
objective was to determine if the subject could differentiate between urine obtained at
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different time points of the estrous cycle. If the male panda showed a heightened
response to urine collected on specific days of estrus, then the subject would be presented
with an AV manufactured by Mississippi State University, with the responsive days of
estrus urine applied to it to aid in manipulating the subject in the right position and
soliciting his interest in the AV.
The first trial took place at the Memphis Zoo in dayroom 2 of the giant panda
exhibit and began on March 3, 2008 through March 17, 2008. Trials began at
approximately 13:30 every day. The time of day was chosen because it is an active time
of day for the subject, and it coincides with a room change for the panda. Urine samples
collected from subject F507, the female panda housed at the Memphis Zoo, were utilized
during this trial. Urine was collected and frozen from her most recent estrus which
occurred in January 2007. The urine that was used was from day-28, day-14, day-7, day5, day-3, day-2, day-1, day0, day1, day2, day3, day5 and day7 of estrus, with day zero
being the day of ovulation as determined by analysis of urinary estrogen and
progesterone levels during the estrous cycle (see Figure 4.1).
To test the subject’s interest in female urine, a simultaneous choice test was used
by presenting subject M466 with two different samples, one sample containing urine and
one negative control of deionized water. Each sample was presented to the subject using
a fir board approximately 15x10x2.5 cm, to emulate previous chemosensory studies
(Swaisgood et al., 1999, 2002). Fir was chosen because wild pandas have been shown to
scent mark and urine mark on fir trees (Schaller, 1985; Swaisgood et al., 2002). Once the
board was brought into the dayroom, 2 ml of urine or 2 ml of deionized water was poured
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Figure 4.1 Urinary steroid hormone profile of subject F507 during 2007 estrous cycle.
Data provided by A. Kouba, Director of Conservation and Research, Memphis Zoo.

onto each respective board. A new board was utilized for each trial. One board was
placed in location A while the other was placed in location B, approximately 1 m apart.
The locations A and B were determined prior to beginning the experiment and were kept
consistent throughout the duration of the trials. To determine which board was randomly
placed in each location, a coin was tossed prior to each daily trial. The subject’s
reactionary behavior to each board was then observed. To familiarize the subject to the fir
boards, two blank boards were placed in location A and location B for a minimum of 10
min for 2 days. Following this habituation period, trials began once a day for 13 days.
The trial began when the subject initially noticed the boards and ended after the subject
showed no sign of interest in either board for 5 min. The minimum amount of time that
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the subject was presented the boards was 10 min. Once the trial was complete, the subject
was led out of the dayroom and the boards were removed.
An ethogram was used to compare the subject’s response to each sample, noting
any changes in behavior including flehmen, licking, prolonged smelling, investigating or
any general change in activity (see Table 4.1). Behavior was monitored using a video
monitoring system. Two cameras, located in the dayroom, were used to track the activity
of the subject during the trial. An additional handheld camera was also utilized to track
the subject’s behavior from a different angle. All video footage was saved for data
collection and future reference.
Following the first 2 week trial, two shortened randomized trials were conducted to
replicate and confirm the results. Four days were chosen, day-28, day-3, day0 and day7,
and the order was determined through random selection for each trial. The trials were
executed in a similar manner as the initial study. Trial #2 began on April 28, 2008 and
trial #3 began on May 12, 2008.
After confirming the male subject’s elevated interest in female estrus urine in the
initial chemosensory study, the second step of the study was implemented. On May 22,
2008, an AV (manufactured by Mississippi State University) was placed in the subject’s
den with day-3 estrus urine from subject F507. A conical tube containing urine-soaked
Kimwipes® was placed near the “tail” of the AV to assist the subject in correctly
positioning his penis into the collection tube. The subject was monitored closely to ensure
the safety of the panda.
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Table 4.1
Ethogram data collection form for reactionary behavior of
subject when presented with stimulus
Giant panda:
M466
Action/behavior
Flehmen

Licks
Prolonged
smelling
Headstands

Date (YYYY/MM/DD):
2008/___ /___
Description
raises lips, exposing teeth and/or opens
mouth while investigating scent, usually
accompanied by drooling
tongue contacts the board being investigated

Somersaults

placing the nose within 5 cm of board and
showing visible signs of inhalation
the subject attempts to do a headstand on or
near the board
the subject attempts to tumble or roll

Aggression

striking, throwing or biting the board

Agitation in
general
Genital
manipulation
Playing
Approaches

subject shows signs of agitation or
aggression- not towards board
rubbing or grasping of genitalia with paws.

Close proximity
Urine marking
Scent marking
Bleat
vocalization
Chirp or sex
squeal
Mounting
Walked past
Sit on

touching, picking up, pawing at the board
the subject investigates the board, within
approximately 0.30 m
the subject is within approximately 0.30 m
of the board
urination on the board
rubbing of the circum-anal gland on a
structure like a tree or rock or the board
short staccato vocalization, similar to the
primary vocalization of sheep
short, tonal, high-pitched, descending in
pitch toward end. Rare for males
the subject attempts to mount an object in
the room
the subject completely passes by within 0.30
m of the board
the subject sits on the board
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Start time
End time
(HH:MM): (HH:MM):
Time spent
Number of
performing
events that
the given
occurred
event

Statistical Analysis
The findings from these trials were analyzed based on numerical values recorded
through observations. Statistics were not used to analyze this data because only one male
subject was utilized for the trials.

Results
The initial trial indicated that the subject M466 expressed elevated interest in
female estrus urine as compared to the standard. This was evident through longer
duration of investigation time (113 s for urine vs. 26 s for standard) as well as greater
occurrence of licking (17 vs. 5) and smelling events (21 vs. 10; see Tables 4.2 and 4.3).
The subject showed the greatest interest when presented with day-3 estrus urine (43 s
investigatory time, 9 licking events, 4 smelling events). These three behaviors were
analyzed because they provided the most quantitative data and they were the most
observed. Other behaviors that were observed included walking past, being in close
proximity (within 0.30 m), and sitting on the board. The results from these observations
were inconsistent and did not provide any quantitative data. The subject was also
recorded to be visibly agitated during some of the daily trials; however, these results were
also inconsistent. Some of the behaviors were never observed including: flehmen,
headstands, somersaults, aggression, genital manipulation, playing with the board, scent
marking, urine marking, bleating and mounting. In trials #2 and #3, the subject did not
express the same elevated interest in either board as observed in trial #1 (see Tables 4.4,
4.5). On the first day of trial #2, the subject investigated the board coated in day 7 urine
for 6 s and only investigated the control for 1 s, which may have been due to the novelty
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Table 4.2
Trial #1: investigationa
Day of estrous
Day of trial
Urine
urine
-28 (A)b
1
12
-14 (B)
2
9
-7 (B)
3
1
-5 (A)
4
3
-3 (B)
5
43
-2 (A)
6
6
-1(A)
7
10
0 (A)
8
9
1 (B)
9
8
2 (B)
10
5
3 (B)
11
3
5 (A)
12
2
7 (B)
13
2
Total
113
a
Investigation: time (s) the subject spent examining each board
b
Letters A and B represent location of the urine coated board

Deionized
water
0
0
13
1
4
2
0
3
0
2
0
0
1
26

Table 4.3
Trial #1: licks and smells
Licksa
Smellsb
Day of estrus
Day of
Deionized
Deionized
Urine
Urine
urine
trial
water
water
c
-28 (A)
1
1
0
3
0
-14 (B)
2
1
0
1
0
-7 (B)
3
0
4
1
1
-5 (A)
4
2
0
2
2
-3 (B)
5
9
1
4
3
-2 (A)
6
0
0
1
1
-1(A)
7
3
0
2
0
0 (A)
8
0
0
1
1
1 (B)
9
1
0
2
0
2 (B)
10
0
0
1
1
3 (B)
11
0
0
1
0
5 (A)
12
0
0
1
0
7 (B)
13
0
0
1
1
Total
17
5
21
10
a
Licks: number of licking events recorded for each board presented
b
Smells: number of smelling events recorded for each board presented
c
Letters A and B represent the location of the urine coated board
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Table 4.4
Trial #2: investigation, licks, and smells
Day of estrus
Day of trial
Urine
urine
7 (B)d
1
6
a
-28 (A)
2
1
Investigate
0 (B)
3
0
-3 (B)
4
0
7 (B)
1
0
b
-28 (A)
2
0
Licks
0 (B)
3
0
-3 (B)
4
0
7 (B)
1
1
c
-28 (A)
2
1
Smells
0 (B)
3
0
-3 (B)
4
0
a
Investigate: time (s) the subject spent examining each board
b
Licks: number of licking events recorded for each board presented
c
Smells: number of smelling events recorded for each board presented
d
Letters A and B represent the location of the urine coated board
Behavior
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Deionized
water
1
0
0
0
0
0
0
0
1
0
0
0

Table 4.5
Trial #3: investigation, licks, and smells
Day of
Day of trial
Urine
estrus urine
0 (A)d
1
0
a
7 (B)
2
1
Investigate
-3 (A)
3
0
-28 (B)
4
0
0 (A)
1
0
b
7 (B)
2
0
Licks
-3 (A)
3
0
-28 (B)
4
0
0 (A)
1
0
c
7 (B)
2
1
Smells
-3 (A)
3
0
-28 (B)
4
0
a
Investigate: time (s) the subject spent examining each board
b
Licks: number of licking events recorded for each board presented
c
Smells: number of smelling events recorded for each board presented
d
Letters A and B represent the location of the urine coated board
Behavior

Deionized
water
0
0
0
0
0
0
0
0
0
0
0
0

of the boards. In the subsequent days, the subject did not show a preference for either
board through investigation, licking or smelling the boards. Other behaviors seen only on
the first day of trial #2 included agitation and walking past the board. During the
following daily trials, the subject laid in various locations in his dayroom. In trial #3, the
subject did not show an interest in either of the boards regardless of the day of the trial.
As observed in trial #2, the subject laid down for the duration of the trial each day.
After confirming preference for estrus urine over deionized water in the initial
trial, the AV was introduced to the subject. Urine from day-3 (2 ml) was pipetted on
Kimwipes® which were placed in a conical tube under the “tail” of the panda AV. After
observing the AV in his den, the subject, without close investigation, immediately
retreated to his dayroom where he climbed a tree and appeared scared or threatened. He
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refused to descend from the tree until the door leading to the den was closed. The
introduction of the AV was documented using a video-monitoring system.

Discussion
This study demonstrated that the male subject visibly expressed increased interest
in female estrus urine as compared to a negative control based on the trials (see Table
4.6). This finding can be utilized for future studies implementing an artificial vagina for
semen collection. The results of trial #1 indicated that subject M466 had a greater interest
in female estrus urine as opposed to deionized water as evidenced by longer investigatory
time and more licking and smelling events. These finding confirmed that male pandas
display increased investigatory time and licking events for female estrus urine as
compared to a control from previous chemosensory studies conducted by Swaisgood et
al. (1999, 2002). One behavior that was reported by Swaisgood et al. (1999, 2002) that
was not observed in this study was flehmen, the curling of the upper lip to expose the
upper teeth. This behavior is usually displayed during courtship and allows volatile
compounds to reach the vomeronasal organ. Another difference between these
chemosensory studies was Swaisgood et al. (1999, 2002) did not analyze behavioral
differences based on specific days of estrus urine. In this study, when comparing
behaviors presented of specific days of estrus urine, the subject’s reactionary responses
showed preference for day-3 estrus urine, which may indicate that specific volatile
compounds are present in urine prior to ovulation that aid in attracting mates. Volatile
compounds have been identified in female urine of many other species and have been
shown to play an important role in reproductive events. In female white-tailed deer
75

Table 4.6
Behavioral responses of subject M466 to urine from
an estrus female vs. deionized watera
Behavior

Urine

Deionized water

Investigate

82%b

18%

Lick

77%

23%

Smell

69%

31%

a

Values based on trial #1, #2, and #3
Percentages based on total investigation time (time spent examining either board), total
licking events, and total smelling events, respectively
b

(Odocoileus virginianus), estrus urine and mid-cycle urine was analyzed by gas
chromatography-mass spectrometry (GC-MS) for presence of volatile compounds. Sixtythree volatiles were identified and many of these compounds were shown to be dependent
on hormone concentration and reproductive status (Jemiolo et al., 1995). While the
compounds have not yet been identified, observations have shown that male Indian
rhinoceros, Rhinoceros unicornis, will follow a female’s trail of urine in the days prior to
ovulation (Laurie, 1982). Rasmussen et al. (1997) showed that female Asian elephants,
Elephas maximus, which are also a solitary species like the panda, release (Z)-7-dodecen1-yl acetate in their urine when approaching their fertile period. This compound is
undetectable in non-estrus urine and just prior to ovulation, the concentration of (Z)-7dodecen-1-yl acetate is 33.0 µg/ml. The presence of this compound attracts and alerts
males to the reproductive status of nearby females (Rasmussen et al., 1997). Studies to
identify volatile compounds in panda urine pre- and post-thaw are currently being
conducted at Mississippi State University. The results will help in understanding the
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mating behavior of pandas as well as reveal the differences of utilizing pre- and postthaw urine in chemosensory experiments.
In trial #2 and #3, subject M466 did not reveal any interest in the board coated in
urine or deionized water. Similar results of decreased interest in subsequent trials were
seen in previous chemosensory studies (Swaisgood et al., 1999). The reasons for this
apparent disinterest could be attributed to lack of novelty of the boards or the subject may
have become accustomed to the time and length of the daily trial. Testing only four days
not in chronological order could impact the subject’s behavior since these parameters do
not mimic the natural estrous cycle. Attempts were made to control environmental
factors; however, day length, weather changes and date of trial could also attribute to the
subject’s indifferent behavior in trial #2 and #3. In order to determine the reason for this
change in behavior, the sample size and repetitions must be increased. If the presence of
volatile compounds in estrus urine is confirmed, these chemosensory trials may be
performed using different male subjects at other zoos in the United States.
The first introduction of the AV to subject M466 was unsuccessful. The subject
did not approach or investigate the AV. He appeared to view the AV as a threat and
quickly retreated to a safe environment. In order for the AV to possibly be a successful
method of semen collection, the AV will need to be continually introduced until the
subject will approach it for investigation. Further investigation may lead the subject to
mount the AV. Another method that may enhance the effectiveness of the AV is to
position it in the den of subject F507, the female panda housed at the Memphis Zoo.
Based on previous studies in other species, the disinterested reaction of the subject was
not unexpected. Studies have shown that while the use of an AV is cost-effective and the
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procedure is straightforward, researchers must train the animal to mount the AV and
ejaculate in the collection tube. It has been reported that the easiest training method is to
use a female in estrus as a stimulus while presenting the male with the AV. Human
assistance is usually employed to help position and manipulate the male to ejaculate in
the collection tube (Flores et al., 2005; Zambelli and Cunto, 2006). This training process
usually takes one or two weeks in livestock species (Flores et al., 2005) and several
weeks for nondomestic species (Howard, 1993). Artificial vaginas have been utilized
with much success in livestock (cattle, rams, boars and horses), carnivores (dogs and
cats) and herbivores (rabbits and alpacas). The use of an AV has not yet been
documented in bears. Because researchers cannot have direct physical contact with the
panda to assist during the initial introduction of the AV, it may require a longer training
period for the panda to correctly position itself to ejaculate in the collection tube. This
obstacle also makes the role of chemosensory cues vital for the use of an AV. An
increased sample size and repetition are required to further understand the role an AV can
play in giant panda semen collection.

Conclusions
Using an artificial vagina in giant panda reproduction could lead to increased
conception rate which has the potential of increasing the population of the species. This
more efficient method of semen collection is less invasive and could produce semen that
more closely resembles semen obtained from natural coitus with a higher sperm count
and less urine contamination. The semen can be used for immediate artificial
insemination or could be frozen for future use. This innovative tool could be an inventive
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discovery in artificial insemination and gene banking, which could greatly assist in
repopulating the endangered giant panda.
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CHAPTER V
CONCLUSION

Conservation of the giant panda has been a worldwide endeavor for the past thirty
years. Through these efforts, the population is slowly being rebuilt; however, this species
is still listed on the endangered species list. More research is needed to fully understand
every aspect of the panda’s life in order to provide them with the best care in captivity
and aid the species in population growth. The main focus of this study was to examine
dietary components of the panda as well as reproductive challenges faced by this species.
The first study discussed in this thesis analyzed components of bamboo, which
accounts for 95-99% of the panda’s diet (Schaller et al., 1985; Reid and Hu, 1991; Carter
et al., 1999; Long et al., 2004). The objective was to determine if phytoestrogens were
able to be detected in various parts and species of bamboo that comprise the diet of the
pandas housed at the Memphis Zoo. Through an estradiol radioimmunoassay, compounds
that cross-react with specific antibody sites were detected, with the branch recording the
highest levels of cross-reactivity as compared to the other bamboo plant parts. No species
or seasonal differences were observed. After detecting cross-reactive compounds in all
parts and species of the available bamboo samples, an estrogen receptor binding assay
was conducted to determine the ability of these compounds to bind mammalian estrogen
receptor α and β. This assay revealed that all parts and species of the tested bamboo were
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able to bind both mammalian estrogen receptors α and β, with the branch having the
greatest binding ability as compared to the other plant parts. No differences in binding
affinity were seen between species or season. These findings confirmed that bamboo
contains steroid-like compounds that have the ability to bind mammalian estrogen
receptors. The results of the two assays raised the question of the physiological relevance
these compounds might have for the giant panda. An average dosage of phytoestrogenic
compounds was calculated using an estimated amount of bamboo consumed daily (up to
6% dry matter; Dierenfeld et al., 1982), the average body weight (BW) of the pandas
(100 kg male, 80 kg female) and the percentage of leaf and culm consumed on average.
During November, when the male panda consumes the greatest amount of leaf, the
subject consumes approximately 0.00034 mg/kg BW of potentially immunoreactive
estrogens daily. In March, when the male consumes the greatest amount of culm, the
subject ingests approximately 0.00029 mg/kg BW daily of potentially immunoreactive
estrogens. The female consumes the greatest amount of leaf during October. In this
month, the subject consumes approximately 0.00034 mg/kg BW per day of potentially
immunoreactive estrogens; while in April, when the diet is primarily culm, the subject
ingests approximately 0.00029 mg/kg BW per day of potentially immunoreactive
estrogens. Other studies have reported fertility problems occurring at much higher
dosages than these values. Jefferson et al. (2005) reported that pre-pubertal mice
receiving a daily subcutaneous injection of 0.5 mg/kg BW of phytoestrogens showed
signs of puberty earlier than the control mice. Setchell et al. (1987) analyzed the diet of
cheetahs and concluded that the fertility setbacks that plague this species can be
attributed to the daily consumption of approximately 50 mg of daidzein and genistein.
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While these other studies focus on higher doses of phytoestrogens, the direct impact that
low doses of these compounds has on the giant panda still needs to be determined.
The second study discussed in this thesis focused on reproductive behaviors of the
male panda. The overall objective was to develop a more natural and more effective
method of semen collection. An artificial vagina (AV) was constructed; estrus urine was
proposed to be a chemosensory attractant to aid in positioning for collection. To achieve
the objective, preliminary chemosensory studies were conducted to determine the male
subject’s interest in female panda estrus urine. Every day for 2 weeks, the male subject
was presented with one sample of female urine and one negative control. The female
urine was presented in chronological order to mimic the progression of a natural estrous
cycle. The results revealed the male subject expressed elevated interest in female estrus
urine as compared to a negative control. Elevated interest was evident through longer
investigation time and more licking and smelling events. The male showed specific
interest in a urine sample collected 3 days prior to ovulation. Two subsequent trials using
4 days of female panda urine presented in a random order did not confirm these results.
Because elevated interest was reported in the initial chemosensory study, day-3
estrus urine was used to assist with the introduction of the AV. Unfortunately, the initial
introduction of the AV to the male subject was unsuccessful. The subject refused to
approach the AV to investigate it. In order for the AV to be tested as a possible method of
semen collection, the AV will need to be continually introduced until the subject will
approach it for investigation. If the male subject further investigates the AV, then the
subject may mount the AV. To test the true value of an AV in panda semen collection, a
greater sample size must be employed as well as repeated introductions.
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The overall goal of this study was to better understand giant pandas in order to
contribute to the conservation of this species. To further the knowledge base of this
iconic species, analysis of the phytoestrogenic content of bamboo and reproductive
behavioral studies of the panda were conducted. Further studies are needed to
substantiate the findings; however, the results provide invaluable information concerning
the dietary components and reproductive behaviors of the giant panda.
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APPENDIX A
RADIOIMMUNOASSAY PROTOCOL FOR ESTRADIOL
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1. Allow all reagents to reach room temperature (15-28°C) and invert reagents to ensure
proper mixture.
2. Label 4 plain (uncoated) 12x75 mm polypropylene tubes T (total counts) and NSB
(nonspecific binding) in duplicate. Label and arrange 14 Estradiol Ab-Coated Tubes A
(maximum binding) and B through G in duplicate. Label additional antibody-coated
tubes, also in duplicate, for controls and bamboo samples.
3. Pipet 100 µl of the zero calibrator A into the NSB and A tubes, and 100 µl of each of
the calibrators B through G into correspondingly labeled tubes. Pipet 100 µl of each
control and sample into the tubes prepared. Pipet directly to the bottom of the tube.
4. Add 1.0 ml of 125I Estradiol to every tube. Vortex.
5. Incubate at 4°C for 18 hours.
6. Decant all tubes except total count and NSB tubes. Count all tubes in a gamma counter
for 1 minute.
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APPENDIX B
ESTROGEN RECEPTOR BINDING ASSAY PROTOCOL
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1. Reagents are stored in the -80°C freezer. These are in aliquots in glass tubes (each
aliquot should be enough for 25 tubes). In reality, these aliquots will usually do between
22-23 tubes of test compound by the time that you get your theoretical high and low.
Calculate the amount of reagent needed to make 2X complex.
Alpha Kit

25 tubes

50 tubes

Fluoronome

6.25 µl

12.5 µl

ER-alpha

28.125 µl

56.25 µl

Beta Kit

25 tubes

50 tubes

Fluoronome

6.25 µl

12.5 µl

ER-beta

15.0 µl

30.0 µl

2. Carry the ice bucket to the freezer and transfer reagents to ice. Be sure to thaw tubes
covered in the upright position for 1 hour.
3. Turn on the Panvera machine (the switch on the back of the machine on the left). Then,
turn on the small printer on top of the Panvera machine.
4. Once you have turned on the Panvera machine (and the printer), the machine will say
“RUN PROTOCOL,” hit the enter button (located on the front of the machine). Then the
machine will ask for the “PROTOCOL NUMBER,” type“10.” It will take a few minutes
for the machine to warm up. The machine will prompt you for a “BLANK.” Use 100 μl
of screening buffer only as your “BLANK.” You may want to run your blank before each
run.
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5. Prepare dilutions of estrogen or other compounds that are to be tested. Place 50 µl of
the compound to be tested into a small micro-centrifuge tube.
6. Prepare the 2X complex by using the following:
Alpha Kit

25 Tubes

50 Tubes

Fluoronome

6.250 µl

12.50 µl

ER-alpha

28.125 µl

56.25 µl

Screening Buffer

1215.625 µl

2431.25 µl

Total Volume

1250.00 µl

2500.00 µl

Beta Kit

25 Tubes

50 Tubes

Fluoronome

6.250 µl

12.50 µl

ER-beta

15.00 µl

30.00 µl

Screening Buffer

1228.75 µl

2457.50 µl

Total Volume

1250.00 µl

2500.00 µl

7. Add screening buffer to the glass tube. Use the buffer to rinse the Fluoronome from its
tube.
x

Get (2) initial readings of a theoretical “low” by doing the following:
o Put 100 µl of Fluoronome and screening butter solution in (1) microcentrifuge tube.
o Put 50 µl of Fluoronome/screening buffer plus 50 µl Hanks Solution in 1
micro-centrifuge tube.
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8. Gently add the Fluoronome and screening buffer to the ER tube, mixing gently (If you
are making more than one tube of 2X complex, combine the total volume into 1 tube.)
x

Get (2) initial readings of a theoretical “high” by doing the following:
o Put 100 µl of 2X complex in (1) micro-centrifuge tube.
o Put 50 µl of 2X complex plus 50 µl Hanks Solution in 1 micro-centrifuge
tube.

9. Place 50 µl of the 2X complex into each sample tube. Gently shake the plate to mix
(wait ~10 minutes before reading the samples).
10. The Panvera machine will read the samples and give you prompt when to remove the
sample and insert the next sample.

Figure A.1 Estradiol standard curve.
Estrogen receptor binding assay analyzing 1 mM estradiol extracted in 80% methanol.
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APPENDIX C
SIDE-BY-SIDE COMPARISON OF TWO RADIOIMMUNOASSAY KITS
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Table A.1
Comparison of two radioimmunoassay kits

Sample ID

Part

Species

Location

1
1
1
2
2
2
3
3
4
4
4
4
4
4
5
5
5
51
54
58
60
61
70
73
81
82
83
84
85
86
87
88
89

Culm
Branch
Leaf
Culm
Branch
Leaf
Branch
Leaf
Culm
Leaf
Branch
Branch
Culm
Leaf
Culm
Branch
Leaf
Leaf
Leaf
Branch
Branch
Branch
Culm
Culm
Culm
Leaf
Branch
Culm
Leaf
Branch
Culm
Leaf
Branch

Arrow
Arrow
Arrow
Rivercane
Rivercane
Rivercane
Rivercane
Rivercane
Rivercane
Arrow
Rivercane
Arrow
Arrow
Rivercane
Rivercane
Rivercane
Rivercane
Glauca
Glauca
Glauca
Glauca
Glauca
Glauca
Glauca
Glauca
Glauca
Glauca
Glauca
Glauca
Glauca
Glauca
Glauca
Glauca

Atlanta Zoo
Atlanta Zoo
Atlanta Zoo
Atlanta Zoo
Atlanta Zoo
Atlanta Zoo
Atlanta Zoo
Atlanta Zoo
Atlanta Zoo
Atlanta Zoo
Atlanta Zoo
Atlanta Zoo
Atlanta Zoo
Atlanta Zoo
Atlanta Zoo
Atlanta Zoo
Atlanta Zoo
Coffeeville
Coffeeville
Coffeeville
Coffeeville
Coffeeville
Coffeeville
Coffeeville
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
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DSLa E2 RIA Coat-a-Count
(pg/ml)
E2 RIA (pg/ml)
4.10
18.70
30.04
6.42
23.44
35.61
11.96
23.07
5.56
10.86
14.88
18.70
21.52
26.23
9.67
12.94
37.72
9.36
7.76
17.28
8.05
11.19
11.50
5.68
15.31
9.56
11.14
12.18
34.68
8.95
10.70
34.39
6.45

39.31
80.65
149.41
201.37
237.88
180.28
137.10
195.80
53.71
153.96
114.66
136.99
80.97
168.34
117.21
109.41
168.86
153.71
123.48
51.74
56.57
67.88
23.40
49.54
96.85
85.56
63.26
27.81
82.23
64.19
37.23
72.16
40.31

Table A.1 (continued)
Sample ID

Part

Species

Location

90
91
92
94
95
96
97
98
102
103
104
419
420
421
422
423
424
426
427
434
467
470
473
609
610
615
616
625
626
783
784
785
786
787

Culm
Leaf
Branch
Leaf
Branch
Culm
Leaf
Branch
Culm
Leaf
Branch
Leaf
Leaf
Leaf
Culm
Culm
Culm
Branch
Branch
Branch
Leaf
Culm
Branch
Leaf
Leaf
Branch
Branch
Culm
Culm
Leaf
Branch
Culm
Leaf
Branch

Aureosulcata
Aureosulcata
Aureosulcata
Aureosulcata
Aureosulcata
Aureosulcata
Aureosulcata
Aureosulcata
Aureosulcata
Aureosulcata
Aureosulcata
Aureosulcata
Aureosulcata
Aureosulcata
Aureosulcata
Aureosulcata
Aureosulcata
Aureosulcata
Aureosulcata
Aureosulcata
Aureosulcata
Aureosulcata
Aureosulcata
Aurea
Aurea
Aurea
Aurea
Aurea
Aurea
Aurea
Aurea
Aurea
Aureosulcata
Aureosulcata

Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Browse Farm
Browse Farm
Browse Farm
Browse Farm
Browse Farm
Browse Farm
Browse Farm
Browse Farm
Browse Farm
Browse Farm
Browse Farm
Browse Farm
Bud Hill
Browse Farm
Bud Hill
Browse Farm
Bud Hill
Browse Farm
Browse Farm
Browse Farm
Browse Farm
Browse Farm
Browse Farm
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DSL E2 RIA Coat-a-Count
(pg/ml)
E2 RIA (pg/ml)
12.20
63.79
32.18
177.86
12.05
83.85
11.95
148.48
14.68
118.33
6.79
47.38
9.75
123.87
12.85
169.26
10.07
715.67
10.75
122.25
15.44
2540.40
17.96
130.42
19.21
92.03
14.31
175.17
12.29
70.58
12.55
76.19
18.41
68.27
28.11
53.12
27.73
61.71
25.71
71.72
16.79
87.27
9.15
21.02
26.43
50.21
13.83
104.54
10.94
51.01
22.83
405.03
20.98
59.43
14.64
33.51
14.73
17.55
14.58
119.06
16.86
253.00
13.91
232.45
32.93
593.32
15.43
67.03

Table A.1 (continued)

a

Sample ID

Part

Species

Location

788
801
802
803
804
805
808
809
810
811
812
813
814
815
816
817
838
839
840
841
842
843
844
845
846
891
892
893
894
895
896
897
898
899

Culm
Leaf
Branch
Culm
Leaf
Branch
Branch
Culm
Leaf
Branch
Culm
Leaf
Branch
Culm
Leaf
Branch
Leaf
Branch
Culm
Leaf
Branch
Culm
Leaf
Branch
Culm
Leaf
Branch
Culm
Leaf
Branch
Culm
Leaf
Branch
Culm

Aureosulcata
Aurea
Aurea
Aurea
Glauca
Glauca
Aureosulcata
Aureosulcata
Aureosulcata
Aureosulcata
Aureosulcata
Aurea
Aurea
Aurea
Glauca
Glauca
Aureosulcata
Aureosulcata
Aureosulcata
Aurea
Aurea
Aurea
Glauca
Glauca
Glauca
Aureosulcata
Aureosulcata
Aureosulcata
Aurea
Aurea
Aurea
Glauca
Glauca
Glauca

Browse Farm
Browse Farm
Browse Farm
Browse Farm
Browse Farm
Browse Farm
Browse Farm
Browse Farm
Browse Farm
Browse Farm
Browse Farm
Browse Farm
Browse Farm
Browse Farm
Browse Farm
Browse Farm
Browse Farm
Browse Farm
Browse Farm
Browse Farm
Browse Farm
Browse Farm
Browse Farm
Browse Farm
Browse Farm
Browse Farm
Browse Farm
Browse Farm
Browse Farm
Browse Farm
Browse Farm
Browse Farm
Browse Farm
Browse Farm

DSL: Diagnostic Systems Laboratory
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DSL E2 RIA Coat-a-Count
(pg/ml)
E2 RIA (pg/ml)
12.38
50.08
12.77
28.12
11.53
265.55
11.34
45.44
50.06
172.34
11.55
60.64
16.79
62.19
14.72
61.99
8.73
73.63
15.54
111.93
20.72
36.63
10.38
45.39
15.91
113.17
9.55
982.33
11.59
219.87
12.42
2374.60
26.26
1614.20
16.20
131.71
12.92
38.29
32.85
30.40
10.55
76.70
10.81
29.06
12.90
44.24
11.51
210.98
11.43
89.88
16.31
1223.10
17.13
82.82
12.35
47.34
11.58
28.17
18.00
73.06
11.07
33.45
31.74
20.97
14.09
124.86
9.66
82.16

APPENDIX D
OUTLIERS REMOVED FROM THE DATA SET
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Table A.2
Outliers removed from the data set
Sample
ID

Part

Species

Season

Location

Estradiol
(pg/g dry
weight)

18

Leaf

P. glauca

Spring

Memphis area

41227.20

104

Branch

P. aureosulcata

Summer

Unknown

95265.00

815

Culm

P. aurea

Winter

Browse Farm

35855.05

817

Branch

P. glauca

Winter

Browse Farm

94522.91

838

Leaf

P. aureosulcata

Winter

Browse Farm

59134.63

891

Leaf

P. aureosulcata

Spring

Browse Farm

44806.63

1437

Leaf

P. aureosulcata

Fall

Browse Farm

46109.40
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APPENDIX E
COMPARISON OF LEVELS OF IMMUNOREACTIVE ESTROGENS AS
MEASURED BY RIA BY MEAN
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Table A.3
Comparison of levels of immunoreactive estrogens as
measured by RIA* by mean between species
Species

n

Phyllostachys aurea

72

Estrogens
(pg/g)
5030.39

Standard Transformed
error
values
490.29
8.24

Standard
error
0.089

P. aureosulcata

103

5884.92

497.83

8.43

0.068

P. glauca

71

5268.34

421.02

8.36

0.079

Values reflect a pooled average of all bamboo plant parts (branch, culm, leaf, shoot),
harvest locations (Browse Farm, Bud Hill, Coffeeville, Ducksworth, Goldsby) and dates
(2003-2008)
Estrogens = immunoreactive estrogens
Transformed values = logarithmic mean
*Coat-a-Count® Estradiol RIA kit (Siemens Medical Solutions Diagnostics, Los Angeles,
California)

Table A.4
Comparison of levels of immunoreactive estrogens as
measured by RIA* by mean between seasons
Season

n
47

Estrogens
(pg/g)
6251.48

Standard
error
681.27

Transformed
values
8.48

Standard
error
0.110

Fall
Spring

91

4805.78

390.81

8.28

0.066

Summer

73

6063.26

591.91

8.42

0.090

Winter

35

4817.82

675.60

8.24

0.116

Values reflect a pooled average of all bamboo species (Phyllostachys aurea, P.
aureosulcata, P. glauca), bamboo plant parts (branch, culm, leaf, shoot) and harvest
locations (Browse Farm, Bud Hill, Coffeeville, Ducksworth, Goldsby)
Estrogens = immunoreactive estrogens
Transformed values = logarithmic mean
*Coat-a-Count® Estradiol RIA kit (Siemens Medical Solutions Diagnostics, Los Angeles,
California)
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APPENDIX F
ESTROGEN RECEPTOR BINDING ASSAY DATA
COMPARING SPECIES AND SEASON
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Figure A.2 Estrogen receptor binding assay analyzing the expanded data set between
species.
Panel A displays results from ERα assay. Panel B displays results from ERβ assay.
Comparison by species pooling all plant parts (branch, culm, leaf, shoot). The n for each
species is listed at the bottom of each bar.
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Figure A.3 Estrogen receptor binding assay analyzing the expanded data set between
season.
Panel A displays results from ERα assay. Panel B displays results from ERβ assay.
Comparison by season pooling all species (Phyllostachys aurea, P. aureosulcata,
P. glauca) and plant parts (branch, culm, leaf, shoot). The n for each season is listed at
the bottom of each bar.
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APPENDIX G
ESTROGEN RECEPTOR BINDING ASSAY DATA
SOY CONTROLS
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Table A.5
Soy controls
ERα

ERβ

Control

1:100

1:250

1:1000

1:100

1:250

1:1000

Soybean

88.73 ±
2.12

233.00 ±
12.60

282.90 ±
3.10

111.70 ±
5.58

148.15
± 13.37

257.07
± 1.14

Soy leaf

121.3 ±
4.80

180.03 ±
16.48

272.97 ±
3.98

74.23 ±
3.56

149.84
± 18.01

262.18
± 5.89

Soy stalk

198.30 ±
3.26

262.00 ±
4.09

278.38 ±
4.15

111.7 ±
5.58

212.98
± 9.90

263.62
± 3.48

Soy seed

153.60 ±
7.13

245.3 ±
2.50

287.33 ±
0.89

170.30 ±
7.88

162.07
± 8.62

263.43
± 2.80

White
clover

191.67 ±
7.67

175.77 ±
5.20

270.10 ±
0.40

120.57 ±
4.78

158.73
± 1.69

193.17
± 3.64

All values in mPV

113

APPENDIX H
RADIOIMMUNOASSAY DATA: PROGESTERONE, TESTOSTERONE, CORTISOL
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Table A.6
Radioimmunoassay data from other steroid hormones
Sample
#
1
1
1
2
2
2
3
3
3
4
4
4
4
4
4
5
5
5
51
54
58
60
61
70
73
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
102
103
104

Part
Leaf
Branch
Culm
Leaf
Branch
Culm
Leaf
Branch
Culm
Leaf
Branch
Culm
Leaf
Branch
Culm
Leaf
Branch
Culm
Leaf
Leaf
Branch
Branch
Branch
Culm
Culm
Culm
Leaf
Branch
Culm
Leaf
Branch
Culm
Leaf
Branch
Culm
Leaf
Branch
Culm
Leaf
Branch
Culm
Leaf
Branch
Culm
Leaf
Branch

Species
Arrow
Arrow
Arrow
Rivercane
Rivercane
Rivercane
Rivercane
Rivercane
Rivercane
Rivercane
Rivercane
Rivercane
Arrow
Arrow
Arrow
Rivercane
Rivercane
Rivercane
Glauca
Glauca
Glauca
Glauca
Glauca
Glauca
Glauca
Glauca
Glauca
Glauca
Glauca
Glauca
Glauca
Glauca
Glauca
Glauca
Aureosulcata
Aureosulcata
Aureosulcata
Aureosulcata
Aureosulcata
Aureosulcata
Aureosulcata
Aureosulcata
Aureosulcata
Aureosulcata
Aureosulcata
Aureosulcata

Date
Day 1
Day 1
Day 1
Day 2
Day 2
Day 2
Day 3
Day 3
Day 3
Day 4
Day 4
Day 4
Day 4
Day 4
Day 4
Day 5
Day 5
Day 5
8/2003
8/2003
8/2003
8/2003
8/2003
8/2003
8/2003
9/2003
9/2003
9/2003
9/2003
9/2003
9/2003
9/2003
9/2003
9/2003
9/2003
9/2003
9/2003
9/2003
9/2003
9/2003
9/2003
9/2003
9/2003
9/2003
9/2003
9/2003

Location
Atlanta Zoo
Atlanta Zoo
Atlanta Zoo
Atlanta Zoo
Atlanta Zoo
Atlanta Zoo
Atlanta Zoo
Atlanta Zoo
Atlanta Zoo
Atlanta Zoo
Atlanta Zoo
Atlanta Zoo
Atlanta Zoo
Atlanta Zoo
Atlanta Zoo
Atlanta Zoo
Atlanta Zoo
Atlanta Zoo
Coffeeville
Coffeeville
Coffeeville
Coffeeville
Coffeeville
Coffeeville
Coffeeville
Coffeeville
Coffeeville
Coffeeville
Coffeeville
Coffeeville
Coffeeville
Coffeeville
Coffeeville
Coffeeville
Coffeeville
Coffeeville
Coffeeville
Coffeeville
Coffeeville
Coffeeville
Coffeeville
Coffeeville
Coffeeville
Coffeeville
Coffeeville
Coffeeville
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P4
(ng/ml)*
12.98
39.11
11.75
15.26
26.16
4.50
39.38
51.01
3.25
23.90
40.13
3.21
21.36
52.48
22.86
25.11
38.56
4.30
4.96
4.67
6.13
7.82
5.20
3.61
3.71
10.81
3.95
13.01
8.46
5.09
16.80
5.42
4.33
14.69
9.30
6.47
16.89
7.34
5.19
16.74
4.59
5.88
14.74
5.79
5.95
12.89

T
%CV (ng/dl)*
4.08 642.39
3.64 849.74
15.38 431.22
0.54 1221.1
4.99 831.69
8.70 383.59
2.67 1830.1
6.14 1355.7
1.79 259.89
0.88 1510.5
0.82 1262.8
1.08 314.07
3.46 1088.5
2.39 1592.9
8.67 661.03
1.85 1490.2
2.31 1506.8
2.19 588.17
11.13 334.84
2.71 397.86
11.20 208.19
6.03 249.46
1.92 237.35
3.95 380.37
10.03 180.02
12.91 422.83
0.59 361.67
1.84 405.35
1.32 301.01
2.26 341.03
7.90 398.56
2.46 224.09
5.35 326.55
1.28 343.49
6.54 282.54
5.87 432.77
3.23 406.58
0.35 313.97
2.22 333.95
2.01 494.69
5.47
162.8
0.01 389.69
1.86 357.64
2.78 202.89
7.84 354.34
6.68 318.16

%CV
4.00
0.52
0.48
4.40
13.23
12.86
19.51
4.62
3.18
8.55
4.13
0.86
1.94
6.75
5.43
3.21
1.48
2.43
7.56
3.28
0.71
2.21
0.10
11.91
17.05
15.89
4.54
9.08
0.01
2.00
1.63
4.61
12.71
4.78
0.34
3.11
5.05
33.81
6.86
3.28
3.59
15.73
2.27
3.38
1.38
4.48

Cortisol
%CV
(μg/dl)
0.452
15.14
0.423
2.21
0.277
27.72
0.555
9.43
0.512
4.96
0.385
5.61
0.623
5.49
0.549
11.58
0.412
11.19
0.687
8.15
0.517
5.37
0.394
4.09
0.604
14.68
0.675
18.89
0.707
4.97
0.712
4.05
0.430
15.95
0.607
2.34
0.274
2.07
0.151 135.30
0.255
7.56
0.465
6.84
0.347
5.21
0.180
18.49
0.268
21.82
0.363
4.83
0.323
15.89
0.401
7.59
0.293
10.09
0.403
4.15
0.313
7.33
0.356
0.87
0.368
11.23
0.344
13.86
0.542
4.68
0.484
1.31
0.598
10.20
0.436
4.72
0.376
5.35
0.628
2.99
0.347
4.55
0.419
22.71
0.695
4.09
0.529
0.20
0.374
20.94
0.556
29.20

Table A.6 (continued)
Sample
#
419
420
421
422
423
424
426
427
434
467
470
473
609
610
615
616
625
626
783
784
785
786
787
788
801
802
803
804
805
806
808
809
810
811
812
813
814
815
816
817
838
839
840
841
842
843

Part
Leaf
Leaf
Leaf
Culm
Culm
Culm
Branch
Branch
Branch
Leaf
Culm
Branch
Leaf
Leaf
Branch
Branch
Culm
Culm
Leaf
Branch
Culm
Leaf
Branch
Culm
Leaf
Branch
Culm
Leaf
Branch
Culm
Branch
Culm
Leaf
Branch
Culm
Leaf
Branch
Culm
Leaf
Branch
Leaf
Branch
Culm
Leaf
Branch
Culm

Species
Aureosulcata
Aureosulcata
Aureosulcata
Aureosulcata
Aureosulcata
Aureosulcata
Aureosulcata
Aureosulcata
Aureosulcata
Aureosulcata
Aureosulcata
Aureosulcata
Aurea
Aurea
Aurea
Aurea
Aurea
Aurea
Aurea
Aurea
Aurea
Aureosulcata
Aureosulcata
Aureosulcata
Aurea
Aurea
Aurea
Glauca
Glauca
Glauca
Aureosulcata
Aureosulcata
Aureosulcata
Aureosulcata
Aureosulcata
Aurea
Aurea
Aurea
Glauca
Glauca
Aureosulcata
Aureosulcata
Aureosulcata
Aurea
Aurea
Aurea

Date
2/2004
2/2004
2/2004
2/2004
2/2004
2/2004
2/2004
2/2004
2/2004
2/2004
2/2004
2/2004
8/2004
9/2004
8/2004
9/2004
8/2004
9/2004
11/2004
11/2004
11/2004
11/2004
11/2004
11/2004
12/2004
12/2004
12/2004
12/2004
12/2004
12/2004
12/2004
12/2004
1/2005
1/2005
1/2005
1/2005
1/2005
1/2005
1/2005
1/2005
2/2005
2/2005
2/2005
2/2005
2/2005
2/2005

P4
Location
(ng/ml)
Browse Farm 20.91
Browse Farm 17.55
Browse Farm 15.34
Browse Farm
4.94
Browse Farm
5.09
Browse Farm
5.19
Browse Farm
5.39
Browse Farm
5.82
Browse Farm
6.47
Browse Farm 10.27
Browse Farm
3.64
Browse Farm
4.61
Bud Hill
3.09
Browse Farm
5.06
Bud Hill
5.71
Browse Farm
4.96
Bud Hill
3.95
Browse Farm
6.14
Browse Farm
3.79
Browse Farm
6.71
Browse Farm
2.78
Browse Farm
4.35
Browse Farm
7.50
Browse Farm
5.58
Browse Farm
4.69
Browse Farm
3.17
Browse Farm
2.80
Browse Farm
4.61
Browse Farm
6.34
Browse Farm
3.00
Browse Farm
7.50
Browse Farm
8.98
Browse Farm
4.71
Browse Farm
7.65
Browse Farm
6.29
Browse Farm
4.81
Browse Farm
6.07
Browse Farm
3.07
Browse Farm
4.17
Browse Farm
5.73
Browse Farm
7.87
Browse Farm
5.30
Browse Farm
3.59
Browse Farm
7.84
Browse Farm
6.41
Browse Farm
2.99
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%CV
3.69
7.17
6.12
8.50
2.31
2.05
0.91
3.61
13.79
8.73
8.05
2.95
5.18
1.40
2.41
1.55
5.27
3.66
1.47
1.72
1.87
2.79
11.48
4.44
2.26
6.77
9.96
6.18
3.77
3.54
6.10
11.93
2.52
2.59
1.21
1.40
0.08
10.59
1.05
3.11
0.65
7.55
13.43
0.30
3.31
14.63

T
(ng/dl)
532.03
509.58
749.97
246.1
234.02
252.72
297.43
313.72
261.18
519.7
172.75
232.82
421.37
287.74
373.26
274.97
700.9
934.08
341.26
233.58
249.95
371.98
260.12
171.8
487.34
133.2
211.22
390.21
258.13
409
258.65
287.23
426.86
230.73
218.86
351.24
232.88
274.03
342.97
256.79
726.31
175.23
175.1
492.61
247.22
198.32

%CV
3.43
1.32
0.97
13.11
1.25
3.42
21.40
5.84
6.82
3.03
5.65
4.12
5.02
4.44
3.94
4.86
8.71
0.87
4.64
0.95
3.35
4.20
0.76
12.49
8.17
14.56
5.37
3.92
0.39
4.71
7.27
23.97
20.03
12.93
0.49
10.29
4.20
14.34
1.18
7.29
10.37
10.55
10.88
3.29
1.32
17.44

Cortisol
(μg/dl)
0.773
0.638
0.660
0.525
0.558
0.543
0.529
0.508
0.521
0.544
0.413
0.433
0.330
0.372
0.425
0.327
0.489
0.273
0.494
0.418
0.354
0.444
0.471
0.436
0.310
0.252
0.347
0.423
0.336
0.432
0.471
0.533
0.411
0.525
0.563
0.375
0.360
0.390
0.325
0.360
0.490
0.439
0.341
0.395
0.371
0.318

%CV
5.36
22.26
3.64
3.97
5.87
9.47
15.93
3.83
10.09
19.73
12.88
8.21
0.56
48.63
7.47
4.91
5.51
13.57
25.35
9.24
2.56
9.85
6.20
3.25
14.79
14.55
23.56
16.26
3.71
1.52
0.08
1.67
14.48
1.09
21.33
23.30
13.20
21.48
0.40
16.70
15.86
7.21
1.58
19.83
2.74
2.53

Table A.6 (continued)
Sample
#
844
845
846
891
892
893
894
895
896
897
898
899

Part
Species
Leaf
Glauca
Branch
Glauca
Culm
Glauca
Leaf Aureosulcata
Branch Aureosulcata
Culm Aureosulcata
Leaf
Aurea
Branch
Aurea
Culm
Aurea
Leaf
Glauca
Branch
Glauca
Culm
Glauca

Date
2/2005
2/2005
2/2005
3/2005
3/2005
3/2005
3/2005
3/2005
3/2005
3/2005
3/2005
3/2005

P4
Location
(ng/ml)
Browse Farm
3.62
Browse Farm
5.35
Browse Farm
3.81
Browse Farm
7.42
Browse Farm
7.07
Browse Farm
5.83
Browse Farm
6.14
Browse Farm 12.21
Browse Farm
5.07
Browse Farm
3.28
Browse Farm
7.72
Browse Farm
4.20

*P4: Progesterone; T: Testosterone
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%CV
9.22
0.62
1.75
5.47
7.08
3.22
6.29
2.57
0.48
2.88
0.11
4.25

T
(ng/dl)
263.22
255.26
197.28
597.26
223.87
175.23
534.15
373.2
189.85
317.67
275.67
222.69

%CV
7.25
7.73
14.24
1.10
4.71
7.14
15.31
0.56
5.17
11.24
0.09
2.50

Cortisol
(μg/dl)
0.349
0.320
0.391
0.635
0.461
0.391
0.486
0.406
0.462
0.347
0.447
0.308

%CV
4.36
2.81
28.61
7.42
2.61
10.30
20.49
19.53
18.62
16.76
10.46
12.12

APPENDIX I
CALCULATION OF MAXIMUM AVERAGE INTAKE OF
PHYTOESTROGENIC COMPOUNDS
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Table A.7
Maximum average intake of phytoestrogenic compounds for the giant panda
October
Female
DMI, %BW =
BW =
% leaf consumed =
g leaf consumed =

6
80
91.78
4405.44

Immunoreactive estrogens in leaf (pg/g) =
pg of estrogen consumed (leaf) =
estrogen from leaf (mg) =
estrogen/BW (mg/kg) =
% culm consumed =
g culm consumed =

5800.62
25554283.37
0.025554283
0.000319429
8.22
394.56

Estrogen (pg/g) =
pg of estrogen consumed (culm) =
estrogen from culm (mg) =
estrogen/BW (mg/kg) =

4735.83
1868569.085
0.001868569
2.33571E-05

TOTAL estrogen/BW (mg/kg) =
0.000342786
DMI: dry matter intake
BW: body weight
DMI and BW values based on averages (Dierenfeld et al., 1982); Percentage of culm and
leaf consumed based on Hansen et al. (2009)
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APPENDIX J
SCANNING ELECTRON MICROSCOPY IMAGES:
BAMBOO LEAVES
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A

B

C

D

E

F

Figure A.4 Scanning electron microscopy images.
Panel A: control, Phyllostachys bissetti leaf sample pre-digestion (sample 6f). Panel B:
leaf sample post-digestion (sample 9i). Panel C: leaf sample post-digestion (sample 12i).
Panel D: leaf sample post-digestion (sample 7b). Panel E: leaf sample post-digestion
(sample 7d). Panel F: leaf sample post-digestion extracted from a mucoid.
121

